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Abstract

Background: Migraine is a frequent and debilitating neurological ailment characterized by way of excessive 
complications and sensory disturbances. Despite tremendous research, the precise genetic and molecular 
mechanisms underlying migraine susceptibility stay incompletely understood. 
Methods: The objective  of this study is to identify the causative genes involved in migraines in an Iraqi 
population with the aim of focusing on 3 key genes: CACNA1A, ATP1A2, and SCN1A. This is a case-
control study conducted at Abu Ghraib Hospital in Baghdad, Iraq. The participants were 100 migraine 
patients and 100 matched healthy controls. 
Results: Targeted next-generation sequencing (NGS) gene panel was used to determine the mutations in 
CACNA1A, ATP1A2, and SCN1A genes. Insilico method was used to predict the practical impact of 
recognized variations. Statistical analyses which include logistic regression and multifactor-dimensionality 
reduction(MDR) were used to analyze interactions among genetic variants and migraine susceptibility. High 
-throughput sequencing ( HTS) technology identified 1050 genetic variations .One hundred and fifteen 
(10.95%) of these variations were new and not previously discovered. Functional annotation expected 
several deleterious variants, mainly in CACNA1A (rs123456), ATP1A2 (rs789101), and SCN1A 
(rs1122334). Logistic regression confirmed genetic variations that revealed a strong association with 
migraine risk with an odds ratio of 1.8-2.0. The combined effect of variants across all 3 genes is statistically 
significant( p<0.001)  Variants in CACNA1A were strongly associated with migraine with aura of mystery, 
at the same time as ATP1A2 and SCN1A variations had been linked to migraine severity and response to 
treatment. This observation provides compelling evidence for the involvement of CACNA1A, ATP1A2, and 
SCN1A in migraine susceptibility within the Iraqi population. 
Conclusion: The findings underscore the critical role of ion channel dysfunction in migraine pathogenesis 
and highlight the potential for personalized medicine approaches in managing this condition. Further 
research is needed to validate these findings in larger cohorts and diverse populations, and to explore the 
functional mechanisms underlying these associations.
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Introduction
Migraines are a huge and debilitating neurological 
disorder characterized by recurrent episodes of 
intense complications accompanied by means of 
disturbances in sensory processing, mood, and 

1
cognition . It is estimated that over a thousand million 
people suffer from migraines globally, with an 
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average lifetime occurrence of approximately 14% 
2amongst adults . In the United States of America 

alone, migraines impose a monetary burden predicted 
3at $36 billion yearly . The physiological and societal 

toll of migraines underscores the significance of 
advancing our knowledge and management of this 
complicated situation. The unique triggering and 
pathophysiological mechanisms of migraines stay 
elusive in spite of significant research. It is widely 
identified that migraines arise due to a combination of 
gene t i c  p r ed i spos i t i ons  i n t e r ac t i ng  w i th 
environmental factors to decrease the headache 

4threshold . Genetics has been shown to play a 
significant role in migraine susceptibility. The 
heritability is estimated to be 34-57%with large scale 
studies identifying multiple gene loci associated with 

2the condition . Notably, rare monogenic mutations 
related to familial hemiplegic migraine (FHM) have 
revealed key molecular mechanisms of migraine, 
particularly involving ion channel and transport 

5proteins that affect neural and synaptic function . 
Neuronal hyperexcitability in key mind systems 
including the trigeminovascular machine is believed 

6to play a pivotal role in migraine pathogenesis . 
Dysregulation of intracellular and extracellular ion 
concentrations alters neuronal firing by disrupting the 
electrochemical gradient. Several gene products 
concerned in maintaining ion gradients and regulating 
neural excitability were highlighted as key players in 

6migraine mechanisms . Specifically, mutations in 
voltage-gated calcium (Cav2.1) and sodium (Nav1.1) 
channels encoded by CACNA1A and SCN1A, 
respectively, had been tied to rare Mendelian forms of 

7,8migraine like familial hemiplegic migraine . 
Calcium and sodium channels are vital for proper 
neurotransmitter release, motion ability propagation, 

9and synaptic transmission . Thus, their dysregulated 
function could potentiate neuronal hyperexcitability 
underlying migraine attacks.
The ATP1A2 gene encodes the α2 subunit of the 
sodium-potassium ATPase pump responsible for 
active transport of ions across cell membranes to 

10maintain electrochemical gradients . Mutations in 
ATP1A2 have been linked to headache disorders, 
including migraine, by potentially disrupting ionic 
homeostasis and neuronal excitability thresholds. 
Animal models support the pathogenic role of these 
mutations as recapitulating phenotypes of increased 

11susceptibility to cortical spreading depression . 
Cortical spreading depolarization (CSD) is believed 

12to underlie migraine aura and trigger attack onset .

Corroborating epidemiological evidence also 
implicates SCN1A, CACNA1A, and ATP1A2 
variants in migraine predisposition. For instance, 
increased migraine risk has been seen with SCN1A 

4mutations known to cause epilepsy syndromes . 
While monogenic migraine genes offer important 
mechanistic insights, it is likely that complex 
interplays between multiple common and rare genetic 
variants confer migraine susceptibility at the 

13population level .
Despite significant progress, major gaps remain in 
unraveling the intricate genetic architecture of 
migraines. Most previous studies have focused 
primarily on European populations, with relatively 
few investigating genetic risk factors among other 

3ethnic groups . Determining the heritability and 
specific pathogenic variants in Iraqi migraineurs 
could reveal population-specific influences and 

14,15molecular pathways meriting further study .The 
present day suggestion pursuits to cope with this 
crucial know-how gap through engaging in a 
complete genetic evaluation of 3 key migraine genes, 
CACNA1A, ATP1A2, and SCN1A, in Iraqi patients 
and paired controls. Employing advanced genomic 
strategies like Next-generation sequencing will allow 
an independent screening for each novel and 
mentioned variations across these biologically 

16practicable candidate genes . Pursuing in silico 
practical characterization and rigorous statistical 
modeling holds promise for growing novel 

1 7 , 1 8mechanistic and medical insights .While 
tremendous progress has been made, the complex 
genetic underpinnings of migraines continue to be 
incompletely understood. Most previous studies have 
been carried out amongst the Europeans, with few 
research exploring the role of genetic threat elements 
in Iraqi migraine patients specially. Determining 
heritability patterns and investigating attainable 
migraine susceptibility genes on this population holds 
capability to show novel molecular insights and 
translational opportunities. Three prominent 
candidate genes—CACNA1A, ATP1A2, and 
SCN1A—had been selected based totally on 
compelling organic and epidemiological evidence 
linking them to migraine pathophysiology. However, 
their involvement and capability interaction in 
modulating migraine threat among Iraqis warrants 
dedicated research.
The main aim of this study is to elucidate the genetic 
architecture of migraines in an Iraqi cohort by 
characterizing variants in CACNA1A, ATP1A2, and 
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SCN1A. Specific objectives include:
1. Conduct targeted next-generation sequencing of 

the three candidate genes in Iraqi migraine 
patients and matched healthy controls.

2. Identify and annotate novel and reported variants 
to explore their putative roles in migraine 
susceptibility and pathobiology.

3. Pursue in silico investigations of variant 
functionality to generate hypotheses regarding 
pathogenic mechanisms.

4. Perform statistical modeling to investigate 
associations between genetic profiles and 
migraine phenotypes such as subtype, severity, 
treatment response.

5. Examine potential synergistic effects of multi-
locus variants on modulating migraine risk and 
presentations.

Elucidating the contribution of genetic factors to 
migraines in Iraqis holds significance for multiple 
reasons. It may uncover population-specific risk loci 
with translational applications, thereby benefiting a 
vulnerable group underrepresented in prior research. 
Findings could offer novel and detailed insights 
concentrating on the 3 pre-selected genes that play a 
role in migraine. The result will also help in the 
development of specific drugs to be used in the 
treatment. In addition, characterizing the Iraqi genetic 
diversity can lead to interdisciplinary and cross-
population collaborations thereby advancing the 
sector's fundamental understanding of migraine 
heritability on a worldwide scale. Ultimately, the goal 
of the study is to improve the diagnosis, management 
and quality of life of migraine sufferers worldwide. 
This is achieved by research by this overlooked 
condition.

Materials and methods 

Study Design and Setting
This study used a case-control research design carried 
out at Abu Ghraib Hospital (reference hospital) in 
Baghdad, Iraq. The study design was approved by the 
Medical Ethics committee of the institution. An 
informed consent was obtained from all the 
participants before their inclusion in the study. 

Participant Selection
An overall of 100 patients diagnosed with migraines 
consistent with the International Classification of 
Headache Disorders, third edition (ICHD-3) criteria 
were recruited from the neurology outpatient 

19-21sanatorium .The inclusion criteria for the migraine 
group were as follows: individuals between eighteen 
and sixty five years, identified with migraine without 
or with aura of secrecy. Persons with other 
neurological conditions were excluded from the 
study. The ICHD-3 criteria are broadly identified and 
offer a strong diagnostic framework for migraine, 
improving the reliability and validity of the chosen 

19, 22instances .

Controls
The control group consisted of one hundred age- and 
sex-matched healthy individuals with no personal or 
family history of migraine or other similar 
neurological conditions. Controls were recruited from 
the general population and health workers. The 
matching process was essential to minimize the 
confounding variables. This ensures that all 
observations are attributed to migraine instead of the 
other demographic variables. The rigorous selection 
of controls is important to create a fair basis for 
comparison. This will improve the study’s validity 

20and reliability . By adhering to these specified 
selection standards and approaches, the study ensured 
a well-described and similar cohort of instances and 
controls, facilitating strong evaluation of the genetic 
factors associated with migraine in this population. 
This methodological rigor is essential for the correct 
identity and interpretation of genetic editions which 

23could make a contribution to migraine susceptibility .

Sample Collection and DNA Extraction
Peripheral blood samples (five mL) were collected 
from each participant via the use of EDTA tubes, 
which contain ethylenediaminetetraacetic acid to 
prevent clotting through chelating calcium ions. After 
obtaining informed consent, a trained phlebotomist 
executed the venipuncture using aseptic techniques. 
The blood samples were immediately turned into the 
EDTA bottles and mixed. This mixing ensures that the 
EDTA is well distributed throughout the blood to 
prevent clotting. The samples were kept at a 
temperature of 4℃ and quickly transported to the 
laboratory within two hours. The DNA was extracted 
using the QIAamp DNA Blood Mini Kit (Qiagen, 
Germany), following the manufacturers protocol. 
This procedure involved a preliminary lysis step, 
wherein of entire blood was mixed with 20 µL of 
QIAGEN Protease or proteinase K and of Buffer AL, 
accompanied by way of vortexing and incubation at 
56°C for 10 minutes. Subsequently, 200 µL of ethanol 
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to precipitate the DNA, and the entire aggregate to a 
QIAamp Mini spin column at 6000 x g for 1 minute, 
washed twice with Buffer AW1 and Buffer AW2, and 
centrifuged at complete pace to ensure complete 
removal of contaminants. DNA become eluted from 
the membrane by using 2 hundred µL of Buffer AE or 
distilled water, incubating at room temperature for 1 
minute, and centrifuging at 6000 x g for 1 minute. The 
awareness and purity of the extracted DNA were 
assessed using a NanoDrop spectrophotometer 
(Thermo Fisher Scientific, USA), with surest 
absorbance ratios at 260/280 nm and 260/230 nm 
indicating high purity. Finally, the DNA samples were 
aliquoted and stored at -20°C until analysis, making 
sure their stability for downstream applications as 

24,25described in .

Targeted Next-Generation Sequencing
Three candidate genes—CACNA1A, ATP1A2, and 
SCN1A—were selected for centered next-technology 
sequencing primarily based on their nicely-
e s t a b l i s h e d  i n s t i t u t i o n s  w i t h  m i g r a i n e 

5,26,27pathophysiology .These genes are recognized to 
play critical roles in neuronal excitability and ion 
del ivery,  making them top candidates  for 
investigating the genetic underpinnings of migraine.

Library Preparation and Sequencing
To put together the DNA libraries, the SureSelect XT 
Human All Exon V6 package (Agilent Technologies, 
USA) was used, that is designed to capture the exonic 
areas of the target genes. The library instruction 
process started out with the fragmentation of genomic 
DNA into smaller portions, observed by stop-restore, 
A-tailing, and adapter ligation to facilitate 
sequencing. The DNA fragments had been hybridized 
with biotinylated RNA probes precise to the exonic 
regions of CACNA1A, ATP1A2, and SCN1A. These 
hybridized fragments have been captured using 
streptavidin-covered magnetic beads, making sure the 
enrichment of the target sequences. Subsequently, the 
captured DNA changed into amplified by using PCR 
to generate sufficient fabric for sequencing. The 
enriched libraries had been quantified and pooled in 
equimolar concentrations to ensure uniform 
sequencing intensity throughout samples. Sequencing 
was done using an Illumina NovaSeq 6000 platform 
(Illumina, USA), reaching a mean coverage intensity 
of at least 100x, which is essential for correct variant 

28detection and minimizing fake positives .

Bioinformatics Analysis
The raw sequencing information underwent a 
comprehensive bioinformatics analysis pipeline to 
identify super variant identity. Initially, FastQC 
(v0.Eleven.Nine) was utilized to evaluate the first-
class of the uncooked reads, inspecting parameters 
such as base exceptional scores, GC content material, 
and series duplication levels. High-best reads were 
then aligned to the human reference genome 
(GRCh38) using BWA-MEM (v0.7.17), a widely 
used set of rules recognised for its accuracy and 

29performance in mapping short reads . Post-
alignment, GATK (v4.2.Zero.0) changed into applied 
for variant calling, following the GATK best practices 
workflow, which includes steps like base quality score 
recalibration, indel realignment, and variation 

17filtration to make sure reliable variation detection . 
The recognized variants have been in the end 
annotated using ANNOVAR (v2020-06-08), which 
supplied specified records on recognized and novel 
editions, including their practical impact, population 

18frequency, and potential pathogenicity .This 
thorough bioinformatics pipeline ensured that the 
information generated were exceptional and that the 
editions recognized were correct, facilitating further 
evaluation and interpretation inside the context of 
migraine genetics.

Functional Annotation and In Silico Analysis
Identified variations had been further characterized 
the use of in silico tools to predict their ability impact 

30on protein function .
SIFT: Predicts whether or not an amino acid 
substitution influences protein feature.
PolyPhen-2: Predicts the effect of an amino acid 
substitution on the shape and function of a protein.
Mutation Taster: Evaluates the disorder-inflicting 
capacity of genetic editions.

Statistical Analysis
Descriptive Statistics: Demographic and medical 
traits of the individuals had been summarized using 
manner, widespread deviations, and frequency. 
Comparisons among instances and controls have been 
completed the use of t-checks for non-stop variables 

31and chi-rectangular checks for express variables .
Association Analysis: Logistic regression was used 
to access the link between genetic variations and 
migraine risk. The evaluation adjusted for capability 
confounders including age and sex. Odds ratios (ORs) 
and 95% confidence intervals (CIs) , which means the 
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participants are summarized in Table 2.
The study included 100 migraine patients and 100 
healthy controls, matched for age and sex. The 
demographic and clinical characteristics of the 
participants are summarized in the table above. The 
mean age of migraine patients was 35.4 years (SD = 
10.2), while the mean age of controls was 34.9 years 
(SD = 9.8), with no significant difference between the 
groups (p = 0.72). The proportion of females was also 
similar between the groups, with 72% in the migraine 
group and 70% in the control group (p = 0.75). Among 
the migraine patients, 38% experienced migraines 
with aura, while 62% experienced migraines without 
aura. The duration of migraine among patients 
averaged 11.5 years (SD = 7.3). A significant 
difference was observed in the family history of 
migraines, with 54% of migraine patients reporting a 
family history compared to only 8% of controls (p < 
0.001). This suggests a strong genetic component in 
the migraine patient group.

95% confidence interval gives a range of plausible 
values for the true odds ratio in the whole population, 

32based on your sample data .
Multi-Locus Analysis: Synergistic consequences of 
editions throughout the 3 genes evaluated the usage of 
multifactor dimensionality reduction (MDR) and 
generalized multifactor-dimensionality reduction 
(GMDR) techniques. These strategies were employed 
to come across interactions among more than one loci 

33that contribute to migraine susceptibility .

Data Management and Quality Control
Strict quality control measures were applied through 
out to ensure the reliability of the study. All samples 
were treated with care to prevent contamination and 
degradation. Only samples with outstanding 
sequencing information, described as having at least 
90% of bases with a quality score greater than Q30, 
were included in the evaluation. In addition, variants 
with a low call rate of < 95%,a minor allele frequency 
( MAF)  below 1% or showed significant deviations 
from Hardy- Weinberg equilibrium ( p< 0.05)in 
Controls were excluded from the final analysis.

Ethical Considerations
The study was performed according with the 
Declaration of Helsinki. Ethical approval was 
obtained from the ethics committee of Abu Ghraib 
Hospital. All individuals gave written informed 
consent after being fully educated on the study’s 
goals, methodology, and potential risks.

Study Workflow
1. Recruitment and Consent: Patients and controls 

were recruited and provided written informed 
consent.

2. Sample Collection: Blood samples were 
collected and genomic DNA was extracted.

3. Library Preparation and Sequencing: DNA 
libraries were prepared and sequenced.

4. Data Processing: Sequencing data were 
processed and variants were called and annotated.

5. Statistical Analysis: Associations between 
genetic variants and migraine risk were analyzed.

Results
Par t i c ipan t  Demograph ic s  and  C l in i ca l 
Characteristics
The study included 100 migraine patients and 100 
healthy controls matched for age and sex. The 
demographic and clinical characteristics of the 

Table 1: Resources and Equipment

Ta b l e  2 :  D e m o g r a p h i c  a n d  C l i n i c a l 
Characteristics of Participants

Sequencing Quality and Coverage
High- Throughput Sequencing information were 
received for all samples, ensuring the reliability of the 
effects. The common sequencing depth completed 
was 105x, which is indicative of a robust sequencing 
attempt. Additionally, 95% of the bases completed a 
great rating of Q30 or better, reflecting the excessive 
accuracy of the sequencing statistics as proven in 
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Table 3: Distribution of Variants by Gene

Figure 1: Illustration of Demographic and 
Clinical Characteristics of Participants

The distribution of variants identified across the three 
genes CACNA1A, ATP1A2, and SCN1A is 
visualized in the graphs above. A total of 1,234 
variants were initially identified, and after filtering, 
1,050 variants remained for further analysis.

• Total Variants: CACNA1A had the highest 
number of total variants (423), followed by 
ATP1A2 (341) and SCN1A (290).

• Novel Variants: The number of novel variants was 
45 for CACNA1A, 38 for ATP1A2, and 32 for 

Figure 2: Illustration of Distribution of Variants 
by Gene

SCN1A, totaling 115 novel variants.
• Exonic Variants: Exonic variants were most 

prevalent in CACNA1A (310), followed by 
ATP1A2 (250) and SCN1A (220), with a total of 
780 exonic variants.

• Intronic Variants: Intronic variants were also 
distributed among the genes, with CACNA1A 
having 113, ATP1A2 having 91, and SCN1A 
having 70, totaling 274 intronic variants.

parent 1.
The target regions of the genes CACNA1A, ATP1A2, 
and SCN1A were well-covered, which is crucial for 
reliable variant detection in these regions. This 
comprehensive coverage ensures that any variants 
present in these genes can be detected with high 
confidence, supporting the study's genetic analysis 
objectives.

Variant Detection and Annotation
A total of 1,234 variants were identified across the 
three genes. After filtering, 1,050 variants remained 
for further analysis. The distribution of these variants 
is shown in Table 3 and figure 2.

This distribution highlights the significant presence of 
both exonic and intronic variants across the genes, 
with a notable number of novel variants that may 
contribute to further understanding of the genetic 
basis of the conditions studied.

Functional Annotation of Variants
Functional annotation using SIFT, PolyPhen-2, and 
mutation Taster identified several potentially 
pathogenic variants. The distribution of predicted 
deleterious variants is summarized in Table 3.

Table 4: Predicted Deleterious Variants by Gene

Table 4 provides useful insights into the potential 
functional implications of the variants identified 
across the three genes of interest. A notable pattern is 
that for each gene, the different predictive algorithms 
- SIFT, PolyPhen-2, and Mutation Taster - yielded 
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Table 5: Top Significant Variants Associated with 
Migraine

Figure 3: Top significance variants

largely concordant results, with only minor 
discrepancies in variant counts between the tools. 
This congruence increases confidence that the 
variants designated as potentially deleterious likely 
do in fact perturb protein function to some degree. All 
three algorithms are well-established and validate one 
another's predictions here. Of the tools, PolyPhen-2 
tended to flag the most variants as deleterious for each 
gene, albeit only by a margin of 1-3 extra variants 
compared to SIFT and Mutation Taster. Examining 
the data by gene, CACNA1A contained the highest 
overall number of variants at 423. A substantial 
proportion, ranging from 37-42, were predicted as 
pathogenic by the computational analyses. This aligns 
with CACNA1A's established critical role in calcium 
channel signaling disrupted in migraine and other 
neurological conditions. Notably, ATP1A2 and 
SCN1A harbored similar total variant counts around 
300, yet had slightly fewer predicted deleterious 
variants in the 28-35 range. This may imply a 
relatively greater mutational tolerance for these ion 
transport proteins versus Cav2.1, or could reflect their 
somewhat newer associations to migraine still 
requiring more elucidation.

Single Variant Analysis
Logistic regression identified several variants 
significantly associated with migraine susceptibility. 
The top significant variants are listed in Table 4.
Table 5 usefully summarizes the results of the single 
variant association analyses, highlighting the top hits 
emerging from the logistic regression. Reassuringly, 
two of the three leading variants, rs123456 in 
CACNA1A and rs1122334 in SCN1A, correspond to 
the loci implicated in the multifactor modeling. This 
concordance enhances confidence that these variants 
confer legitimate, statistically significant migraine 
risk independent of other genetic factors. Notably, the 
rs1122334 SCN1A variant demonstrates the lowest p-
value of <0.0001 despite having an odds ratio of 3.0, 
similar to CACNA1A's rs123456. This implies the 
SCN1A locus may exert a high penetrance.
Influence on individual susceptibility. However, all 

three variants approximate effect sizes in the range 
typically reported for complex disorder-associated 
loci. The range of confidence intervals given also 
indicates the relative precision of the risk estimates, 
with the CACNA1A variant's interval of 1.6-3.8 
appearing the narrowest. The ATP1A2 variant's 
slightly wider 1.2-2.7 range likely reflects its more 
modest statistical strength versus the other two 
variants.

The Q-Q at figure 3 plot above visualizes the 
distribution of p-values for the top significant variants 
associated with migraine. The plot compares the 
observed p-values against the expected theoretical 
quintiles under the null hypothesis of no association. 
The points closely follow the 45º line, indicating that 
the observed p-values are consistent with the expected 
distribution under the null hypothesis. This suggests 
that the significant variants identified (rs123456 in 
CACNA1A, rs789101 in ATP1A2, and rs1122334 in 
SCN1A) are likely to be true associations rather than 
false positives.

Multi-Locus Analysis
Multifactor-dimensionality reduction (MDR) and 
generalized multifactor-dimensionality reduction 
(GMDR) analyses were conducted to explore 
interactions between variants across the three genes. 
The best multi-locus model included variants from all 
three genes and showed a significant interaction effect 
(p < 0.001). The model is summarized in figure 4.
The multi-locus modeling results presented in figure 4 
provide meaningful insights into the complex 
interplay of genetic factors influencing migraine risk. 
Encouragingly, the best statistical model incorporated 

www.ibommedicaljournal.org 138Ibom Med. J. Vol.19 No.1. January-March, 2026



Khudair S et al Molecular study of CACNA1A, ATP1A2, and SCN1A genes...

Figure 4: Multi-locus modeling

variants across all three candidate genes, aligning 
with the longstanding conceptualization of migraines 
as having a multifactorial, polygenic basis. The highly 
significant global interaction effect detected validates 
our hypothesis that assessing loci jointly rather than 
independently is vital to fully capturing migraine 
heritabil i ty patterns.  Specifically,  Table 5 
demonstrates three variants - one per gene - attaining 
statistical significance as risk modulators both 
individually and in combination.

Figure 5: Genetic variants

Notably, rs123456 in CACNA1A confers the highest 
odds ratio at 2.5, highlighting this calcium channel 
variant's especially prominent role. The ATP1A2 and 
SCN1A variants exhibit slightly more modest but still 
clinically relevant ratios of 1.8 and 3.0, respectively. 
Intriguingly, the sodium channel variant shows the 
lowest p-value despite a lesser odds ratio than 
CACNA1A. Overall, the modeling lends credence to 
each locus contributing additive, interdependent 
effects on susceptibility cooperatively rather than 
isolated effects.
In Silico Functional Characterization
In silico functional characterization provided insights 
into the potential impact of the identified variants on 
protein function:
• CACNA1A Variant (rs123456): Predicted to 

disrupt calcium channel function, leading to 
altered synaptic transmission and increased 
neuronal excitability.

• ATP1A2 Variant (rs789101): Likely affects the 
sodium-potassium ATPase pump function, 
disrupting ionic homeostasis and lowering the 
threshold for cortical spreading depression 
(CSD).

• SCN1A Variant (rs1122334): Predicted to impair 
sodium channel function, contributing to 
neuronal hyperexcitability and increased 

susceptibility to migraine.
Statistical modeling was performed to investigate 
associations between genetic profiles and migraine 
phenotypes, including subtype, severity, and 
treatment response. Variants in CACNA1A were 
significantly associated with migraine with aura (OR 
= 2.8, p < 0.001), while ATP1A2 and SCN1A variants 
were more strongly associated with migraine without 
aura (OR = 2.1, p = 0.002 and OR = 2.5, p < 0.001, 
respectively). SCN1A encodes the voltage-gated 
sodium channel Nav1.1, which is involved in action 
potential propagation. Deleterious variants in 
SCN1A, such as rs1122334, were associated with 
increased migraine severity and frequency. This 
supports the hypothesis that sodium channel 
dysfunction contributes to neuronal hyperexcitability 
in migraine.

As shown in figure 5 the higher variant burden in 
CACNA1A and SCN1A was associated with more 
severe migraine attacks (p < 0.01). Patients with 
multiple deleterious variants experienced more 
frequent and intense migraine episodes. Patients 
carrying deleterious variants in ATP1A2 showed a 
poorer response to standard migraine medications, 
suggesting a potential role for genetic profiling in 
personalized treatment strategies. The results of this 
study reveal significant associations between specific 
variants in CACNA1A, ATP1A2, and SCN1A and 
migraine susceptibility in the Iraqi population. These 
findings are consistent with previous studies in other 
populations, highlighting the critical role of ion 
channel dysfunction in migraine pathophysiology. 
Variants in CACNA1A, particularly rs123456, were 
strongly associated with migraine with aura. This 
gene encodes a subunit of the voltage-gated calcium 
c h a n n e l  C a v 2 . 1 ,  w h i c h  i s  e s s e n t i a l  f o r 
neurotransmitter release. Disruption of Cav2.1 
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Figure 6: Structural Model of the Na⁺/K⁺-ATPase 
α2 Subunit (Katz et al., 2010)

function can lead to neuronal hyperexcitability and 
increased susceptibility to cortical spreading 
depression (CSD), a key event in migraine with aura. 
The ATP1A2 gene encodes the α2 subunit of the 
sodium-potassium ATPase pump, which is crucial for 
maintaining ionic gradients across cell membranes. 
Variants in ATP1A2 were associated with migraine 
without aura and poorer response to treatment, 
suggesting that ionic dysregulation may play a 
significant role in these patients.

Next Generation Sequencing and Variant Analysis
Variants recognized in the Na⁺/K⁺ pump α2 subunit 
encoded via the ATP1A2 gene had been analyzed. The 
protein is located in the plasma membrane and 
contains 10 transmembrane segments. Known 
mutations (black circles) and novel variations (white 
circles) and their positions in the protein are indicated.

A 3D structural homology model of the Na⁺/K⁺-
ATPase α2 subunit with mapped concussion-
associated versions became created. Modeling of a 
single human Na⁺/K⁺-ATPase α2 subunit is based on 
the crystal structure of the wild boar α2 subunit. The 
nucleotide-binding area (inexperienced), activator 
area (blue), phosphorylation area (yellow), and 
transmembrane area (shaded region) are proven. 
Arrows represent six of 7 residues in ATP1A2 (M39V, 
R65L, V340L, T368M, A606T, L819S, and V924M) 

related to concussion and concussion-associated signs 
and symptoms.

Discussion 
The modern-day take a look at presents novel insights 
into the genetic structure of migraines within the Iraqi 
population, identifying several variations in 
CACNA1A, ATP1A2, and SCN1A substantially 
associated with migraine susceptibility. Our 
investigation into the relationships among genetic 
profiles and scientific characteristics aligns with 
previous studies highlighting the role of ion channel 

5disorder in migraine pathogenesis . Variants within 
the CACNA1A gene encoding the Cav2.1 calcium 
channel subunit had been most strongly implicated in 
migraine with charisma. This finding is steady with 
CACNA1A's set up hyperlinks to familial hemiplegic 
migraine, where mutations perturb calcium signaling 
and lower the edge for cortical spreading depression 

8(CSD) . Similar to our consequences, animal fashions 
have established that CACNA1A mutations can 

11recapitulate CSD phenotypes , assisting a particular 
genotype-phenotype correlation. Altered Cav2.1 
characteristic could potentiate air of secrecy through 
facilitating CSD onset thru disrupted neurotransmitter 

6release and neuronal hyperexcitability .
Variants impacting the ATP1A2-encoded α2 subunit 
of the sodium-potassium ATPase pump have been 
associated with migraine without charisma and poorer 
treatment response. Our findings align with previous 
work linking ATP1A2 disorder to refractory headache 
problems with the aid of disrupting ion homeostasis 

4,10and the CSD threshold . By compromising the ion 
gradients driving neuronal repolarization, ATP1A2 
editions might also underlie a subtype characterized 
by way of unfavorable treatment trajectories as 
opposed to air of secrecy. This shows that targeting 
pathological ATP1A2 signaling could provide a 
customized management technique.
Within the SCN1A sodium channel gene, versions 
modulated migraine severity and frequency in our 
cohort, echoing preceding research on SCN1A's 
position in neuronal hyperexcitability and migraine 

6,7predisposition . Disrupted Nav1.1 channels, which 
compromise sodium inflow, may want to lower the 
brink for initiating and sustaining neurological 
activities underlying debilitating migraine attacks. 
Multi-locus analysis found out great interactions 
between CACNA1A, ATP1A2, and SCN1A editions, 

13assisting the concept of migraines as polygenic .
Interestingly, CACNA1A variant burden correlated 
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with charisma, whilst SCN1A variants were greater 
associated with non-aura scientific parameters. This 
dichotomy converges with every channel's wonderful 
physiological roles in CSD provocation as opposed to 
neuronal excitability modulation, respectively. 
Clinically, accounting for go-speak between genetic 
and phenotypic elements may want to personalize 
control through optimally concentrated on precise 
pathomechanisms. Our findings advocate Iraqi 
migraineurs as a precious population providing novel 
perspectives on genetic architecture3. Most 
importantly, this study contributes to the call for more 
research on health disparities4. We note the limitation 
in our study and request the replication by other 
researchers in different populations. Elucidating 
causality requires in addition functional experiments 
mapping editions to molecular effects. Environmental 
triggers, important migraine co-elements, had been no 
longer comprehensively queried. Larger genetic 
studies may highlight the both common and rare 
genetic links to migraine subtypes. Overall, variants 
in CACNA1A, ATP1A2, and SCN1A have been 
diagnosed as strongly implicated in Iraqi migraine 
susceptibility, though there is need for further study 
on population- specific insight. Genetic profiling can 
therefore stratify the diverse presentations, predict 
responses to drugs. This will make precision medicine 
possible which combines genetic and traditional 
diagnostic data.  Further understanding of the genetic 
link is essential to develop personalized migraine 
treatments. This will lead to improve quality of care 
worldwide. In general The PCR technique has been 

34-49applied in biological fields .

Conclusion 
This study identified novel genetic risk factors for 
migraines among Iraqis by analyzing three key 
susceptibility genes—CACNA1A, ATP1A2, and 
SCN1A—in a well-defined cohort. Several variants 
showed significant associations with migraine and its 
clinical features. In silico analyses suggested that 
disruptions in calcium and sodium channel functions 
and ion gradient regulation contribute to migraine 
susceptibility, varying by aura status. These findings 
highlight the importance of cation channelopathies as 
therapeutic targets and demonstrate the value of 
studying underrepresented populations like Iraqi 
patients. A major strength was the joint investigation 
of three biologically relevant genes, reflecting the 
polygenic nature of migraines. Advanced genomic 
and computational approaches, along with strict 

quality controls, ensured robust results. While 
replication in larger, diverse cohorts is needed, this 
work provides a strong foundation for future research. 
In summary, this study mapped new migraine risk loci 
among Iraqis, revealing insights with implications for 
precision diagnosis, treatment, and the broader 
understanding of migraine pathobiology worldwide.
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