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Abstract  

Background: Population genetics describes the genetic composition of a population, including allele 

frequencies, and how allele frequencies are expected to change over time. Knowledge of population 

genetics and its changes in medicine can help preventive measures against the disease; the purpose of 

this research is to investigate the different variants of three genes, EphA4, TOMM40, and TREM2, 

that play a role in Alzheimer's disease in the population of northwest Iran. 

Methods: whole exome sequencing (WES) is used for the detection sequence of 54 healthy people in 

Azeri Turkish from Northwestern Iran, and the frequency of the gene variants causing Alzheimer's 

disease was calculated in these people. Bio-informative tools such as Iranome (www.iranome.ir) and 

Omim were applied to compare the frequency of SNVs in the populations of other regions. Finally, 

variants pathogenicity was also predicted.  

Result and conclusion: Results of EphA4, TOMM40, and TREM2 variants showed the presence of 

these variants in our studied population; also, most of the findings of the frequency of SNVs of this 

gene were consistent with the frequency available on the Iranome website, according to these results 

in the population of northwest Iran. There is a genetic risk of the disease, so it is necessary to prevent 

Alzheimer's in old age by taking preventive measures and controlling environmental factors. 

 

Keywords: Alzheimer’s disease, Genetic variants, whole exome sequencing, Single nucleotide 

variants  

 

1. Introduction 

Alzheimer's disease is a neurodegenerative disease that usually begins slowly and gradually worsens 

(1). This disease's most common initial symptom is short-term memory impairment and difficulty 

remembering recent events (2). As Alzheimer's disease progresses, symptoms can include language 

problems, difficulty with situational awareness (getting lost), mood swings, loss of motivation, 

neglect, and behavioral problems(1). This disease has also affected many behavioral and emotional 
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characteristics of people. It causes discomfort such as depression symptoms (including lack of 

pleasure, restlessness, depression, loss of appetite and weight, lack of concentration, and guilt), 

psychological symptoms (including hallucinations, delusions, and suspicions) as well as behaviors 

such as agitation, wandering, aggression and violence in these patients (3). 

The cause of Alzheimer's disease is not well known. Various environmental and genetic risk factors 

have been associated with the development of this disease (2). The strongest genetic risk factor of this 

d. APOE allele  Apolipoprotein E (APOE), especially the APOE4 allele, has been established as a 

strong susceptibility marker that accounts for nearly 30% of the risk in late-onset AD disease is caused 

by the APOE allele (4). Epidemiological evidence, imaging, and neuropathological studies support 

the role of genetic, vascular, and psychological factors in the development of Alzheimer's disease (5). 

The process of this disease has a lot to do with the formation of amyloid plaques, neurofibrillary 

masses, and the loss of nerve connections in the brain. Alzheimer's diagnosis is done by examining 

the patient's history and performing a cognitive test using medical imaging and blood tests to exclude 

other possible causes(6). 

According to the statistics available in 2015, about 29.8 million people worldwide are suffering from 

Alzheimer's disease (7),  and in 2020, about 50 million people have been diagnosed with various 

forms of dementia. Alzheimer's often occurs in people over 65 years of age, but about 10% of patients 

develop early-onset Alzheimer's and are diagnosed in their 30s to 60s. Women are more prone to 

Alzheimer's disease than men(8). 

EphA4 is a receptor of the ephrin system, which is a tyrosine kinase. It is highly expressed in the 

nervous system (9). During the nervous system development, EphA4 plays a crucial role as an 

important repellant cue in axon guidance (10). In adults, hippocampal EphA4 is a critical mediator of 

synapse morphology, synaptic functionality, and plasticity. EphA4 modulates synapse excitability by 

regulating the local levels of AMPA receptors and glial glutamate transporters during physiological 

processes such as homeostatic plasticity and long-term potentiation(11). As a result, EphA4 has 

emerged as an intriguing target for disorders characterized by synaptic dysfunction, such as depression 

or Alzheimer's disease. EphA4 inhibition improves spine loss in mice with an induced depressive 

phenotype (12). In the context of Alzheimer's disease, genetic reduction or pharmacological blockage 

of EphA4 rescues A-induced dendritic spine loss and long-term potentiation (LTP) deficits in cultured 

hippocampal slices and primary hippocampal cultures (13). Furthermore, the reversal of A-dependent 

memory impairment in a sortilin-related receptor with LDLR class A repeats (SORLA)-the 

overexpressing mouse has been linked to decreased EphA4 activation and redistribution to 

postsynaptic densities(14). Several members of the ephrin-A system, such as EphA1, EphA4, ephrin-

A1, and ephrin-A5, have been associated with various neurodegenerative conditions, including 

Alzheimer's disease and amyotrophic lateral sclerosis. For instance, EphA4 is a substrate of -secretase, 

which is a protease that is dysfunctional in several early-onset Alzheimer's disease cases. 

Additionally, this member of the EphA family regulates the metabolism of the amyloid precursor 

protein(15). 

TOMM40 (translocase of outer mitochondrial membrane 40) encodes the channel-forming subunit of 

the mitochondrial outer membrane transferase (TOM) complex, which controls protein transport into 

the mitochondria. According to the "mitochondrial cascade hypothesis," which emphasizes the 

importance of mitochondrial durability and function (16), TOMM40 may contribute to AD and 

cognitive decline. To date, studies examining the relationship of TOMM40 polymorphisms with AD 

risk have yielded inconclusive results (17). TOMM40 (translocase of outer mitochondrial membrane 

40 homologs) gene sequence length variation influences Alzheimer's disease risk. The TOMM40 

gene, which codes for a mitochondrial protein, is located on chromosome 19 near the gene that codes 

for apolipoprotein e (APOE), a well-known AD risk factor. The most common form has a short 

sequence repeat and is associated with a 78-year average age of AD onset in carriers of the AD-neutral 

APOE allele E3(18).  
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Whereas a longer repeat sequence correlates with an average age of AD onset of 70 years in E3 carriers 

Figure 3-Ib). The long form is also found in nearly all carriers of the APOE allele E4, which roses 

previously found to be associated with early Alzheimer's disease onset (18).  

Three possible mechanisms could explain tOmm40's contribution to AD. Roses previously 

demonstrated a link between this and early Alzheimer's disease onset. Three possible mechanisms 

could account for tOmm40's contribution to AD. APOE is physically separated from an abnormal 

form of tOmm40 and functions outside of the neuron (19). In an APOE-independent manner, 

abnormal TOMM40 could cause mitochondrial dysfunction, apoptosis, and eventually AD (20). 

Alternatively, intracellular APOE and TOMM40 proteins may interact at the mitochondrial surface, 

leading to mitochondrial dysfunction, apoptosis, and Alzheimer's disease (21).  

 Variations in the length of the TOMM40 gene can affect the expression of the nearby APOE gene. 

When TOMM40 is short, APOE is strongly transcribed, resulting in normal e3 protein levels that 

protect against disease(17). Significant linkage disequilibrium exists between TOMM40 and APOE, 

so assessing their allele frequencies separately to determine their association with this neurological 

disease is not recommended(22).  

Recent advances in whole genome sequencing and genome-wide association studies (GWAS) have 

allowed for the identification of many genetic variations that raise the chance of developing 

LOAD(23). 

 Several uncommon TREM2 mutations have been identified that significantly increase the risk of 

developing LOAD by 2 to 4 fold, a risk similar to that conferred by having one copy of APOE 4(24). 

The rs75932628 variant of TREM2 is the most extensively researched and prevalent polymorphism 

associated with an increased risk of AD. It encodes a missense substitution for an arginine at amino 

acid position 47 (R47H) (24). Two separate investigations on persons of European or North American 

ancestry(24) and Icelandic subjects (25) conducted in 2013 were the first to identify the R47H 

variation as a risk factor for LOAD(26) . 

 

2. Material and methods 

2.1. Sample preparation 

This research was conducted on 54 people in northwest of Iran, all of whom were healthy in terms of 

Alzheimer's phenotype, and none of them showed this disease. First, with their consent, blood was 

taken from these 54 people 

 

2.2. Genomic DNA Extraction  

Red blood cells (RBCs) were lysed using a hypotonic buffer (ammonium bicarbonate and ammonium 

chloride; Himedia) to separate them with the least amount of lysing impact on lymphocytes. A blood 

sample was added to three volumes of RBC lysis buffer, vortexed and inverted vigorously for five 

minutes, and then centrifuged at 20,00 g for ten minutes. A small amount, around 1 ml, of the 

supernatant was kept to prevent cell loss. A clean white pellet and a clear supernatant were obtained 

after adding 3 volts of RBC lysis buffer to the pellet and repeating the vortexing, inverting, and 

centrifuging procedures two or three times. 

The pellet was resuspended in 500 ml PBS after the final wash, and the supernatant was entirely 

discarded. Then, 400 ml of proteinase K (10 mg/ml stock; Himedia) and 10 ml of cell lysis solution 

(10 mM Tris-HCl, 10 mM EDTA, 50 mM NaCl, 10% SDS) were added. 

After thoroughly dissolving the pellet, the sample was vortexed and allowed to lyse for two hours at 

56°C in a water bath (CW-30G; Jeio Tech). The tube was then filled to its original volume with phenol 

(pH 8 equilibrated with Tris) and well mixed by being inverted for one minute. 

The tube was centrifuged at 10,000 g (at 4°C) for 10 min. The aqueous upper layer was then 

transferred to a new tube containing equal volumes (1:1) of phenol and chloroform: isoamyl alcohol 

(24:1). After being inverted for one minute to mix the contents, the tube was centrifuged at 10,000 g 

for ten minutes at 4°C. After that, 10 μl of RNase A (Fermentas, Thermo Scientific) at a concentration 

of 10 mg/ml was added to the supernatant in a brand-new tube. 

https://jptcp.com/index.php/jptcp/issue/view/79
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Before adding an equivalent volume of chloroform: isoamyl alcohol (24:1) and mixing it, the sample 

was heated to 37°C for 30 minutes. After that, the sample was centrifuged at 10,000 g (at 4°C) for 10 

minutes. 

The supernatant was transferred to a new tube. Then 10,000 g of 100% alcohol (Merck) was 

centrifuged at 4°C for 20 minutes after being introduced to the tube and gently inverted a few times 

while refrigerated at −20°C. A laminar airflow was used to dry the pellet, and the dried pellet was 

then resuspended in 50 μl of nuclease-free water or 1×TE buffer and then frozen at −20°C or −80°C 

for storage. 

 

2.3. whole exome sequencing 

The samples were sequenced by whole exome sequencing method that uses the Illumina NovaSeq 

6000 platform to read the sequences. This type of Illumina company's platform was released to the 

market for the first time in 2017. 

 

The Variant Call Format ( VCF) file and the number of samples are given to the wANNOVAR web 

server (https://wannovar.wglab.org) for interpretation of whole exome sequencing. Finally, this web 

server will provide two outputs, titled Summary of Exome Results and Summary of Genome Results. 

Genes are responsible for Alzheimer's disease were obtained using the OMIM web server. Three of 

these genes were selected (EPHA4, TREM2, and TOMM40), and SNVs related to each of these genes 

were searched for each patient 

Then, the SNV related to each of these genes was investigated for pathogenicity using the VARSOME 

free web server (https://varsome.com) 

 

2.4. Calculating the frequency of SNVs and comparing to other population 

By counting the number of homozygous and heterozygous SNVs related to each gene, the frequency 

of each of these SNVs was calculated in this group of 54 healthy people by below Formula. 

 
The frequencies calculated for each of these SNVs were compared with their frequencies in different 

populations of different regions as recorded in the SNP section of the NCBI web server 

(https://www.ncbi.nlm.nih.gov/snp/). Also, in order to compare the computed frequencies for each of 

these SNVs with the Azeri population's frequencies as recorded in the Iranome. 

 

3. results 

In this study, the frequency of EPHA4 gene variants in the Azeri population was investigated for the 

first time. Results showed the frequency of rs371364919, rs11888889, rs55790183, rs56081273, 

rs3770192, rs533283428, and rs1043034641 variants on the EPHA4 is about 0.009, 0.009, 0.01, 0.01, 

0.07, 0.009, and 0.01 respectively, which was consistent with Iranome.  

The frequencies of TOMM40 variants in the Azeri population were reported as follows: 

rs73936968, rs157584 , rs760136, rs760136, rs1160984, and rs34404554 were about 0.009, 0.10, 

0.08, 0.02, 0.009, and 0.009, respectively. All variants of this gene were checked on the Varsome 

https://jptcp.com/index.php/jptcp/issue/view/79
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website and were found to be benign.  Also, most of the findings of the frequency of SNVs of this 

gene were consistent with the frequency available on the Iranome website. 

In this study, we investigated the SNV frequency of the TREM2 gene in 54 phenotypically healthy 

individuals, and most of the findings were consistent in Iranom. The frequency of rs781244560 on 

the TREM2 gene in the Azeri population was about 0.009. By checking the Varsome website, it was 

found that this variant is benign. 

 

3.1. The results of calculating the frequency and investigating the pathogenicity of SNV are 

given below 

EPHA4 gene 

Pathogenicity analysis for the EPHA4 gene showed that all SNVs were benign. 

 

Table1: The results of calculating the frequency and investigating the pathogenicity of SNV related 

to the EPHA4 gene 
EPHA4 gene 

 rs number Sample Size Heterozygote(s) Homozygote(s) Allele Frequency Pathogenicity 

1 rs3213844 54 24 19 0.574074 Benign 

2 rs2288627 54 26 22 0.648148 Benign 

3 rs56263717 54 1 2 0.046296 Benign 

4 rs61623527 54 4 1 0.055556 Benign 

5 rs371364919 54 1 0 0.009259 Benign 

6 rs2303901 54 22 6 0.314815 Benign 

7 rs11381414 54 0 6 0.111111 Benign 

8 rs35860178 54 16 0 0.148148 Benign 

9 rs10498111 54 2 0 0.018519 Benign 

10 rs2276627 54 3 0 0.027778 Benign 

11 rs73089618 54 3 0 0.027778 Benign 

12 rs11888889 54 1 0 0.009259 Benign 

13 rs144228279 54 2 0 0.018519 Benign 

14 rs2303900 54 7 0 0.064815 Benign 

15 rs2303897 54 4 0 0.037037 Benign 

16 rs2288628 54 12 1 0.12963 Benign 

17 rs67269206 54 5 0 0.046296 Benign 

18 rs55790183 54 2 0 0.018519 Benign 

19 rs56081273 54 2 0 0.018519 Benign 

20 rs3770192 54 4 2 0.074074 Benign 

21 rs41272711 54 1 0 0.009259 Benign 

22 rs116144026 54 1 0 0.009259 Benign 

23 rs143826461 54 0 1 0.018519 Benign 

24 rs533283428 54 1 0 0.009259 Benign 

25 rs17299591 54 2 0 0.018519 Benign 

26 rs6718949 54 2 6 0.12963 Benign 

27 rs201666203 54 1 0 0.009259 Benign 

28 rs3835974 54 1 0 0.009259 Benign 

29 rs1043034641 54 2 0 0.018519 Benign 

 

TOMM40  gene 

The calculated frequency of SNVs related to this gene is shown in the table (Table 2). Pathogenicity 

analysis showed that all SNVs were benign. 
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Table 2: The results of calculating the frequency and investigating the pathogenicity of SNV 

related to the  TOMM40  gene 
TOMM40 gene 

 rs number 
Sample 

Size 
Heterozygote(s) Homozygote(s) 

Allele 

Frequency 
Pathogenicity 

1 rs73936968 54 1 0 0.009259259 Benign 

2 rs157584 54 7 2 0.101851852 Benign 

3 rs741780 54 12 4 0.185185185 Benign 

4 rs405697 54 9 11 0.287037037 Benign 

5 rs760136 54 7 1 0.083333333 Benign 

6 rs1160984 54 3 0 0.027777778 Benign 

7 rs157581 54 3 0 0.027777778 Benign 

8 rs157582 54 3 0 0.027777778 Benign 

9 rs1160983 54 1 0 0.009259259 Benign 

10 rs397765392 54 1 0 0.009259259 Benign 

11 rs184017 54 4 1 0.055555556 Benign 

12 rs77301115 54 1 0 0.009259259 Benign 

13 rs112849259 54 1 0 0.009259259 Benign 

14 rs2075650 54 1 0 0.009259259 Benign 

15 rs34404554 54 1 0 0.009259259 Benign 

16 rs11556505 54 1 0 0.009259259 Benign 

17 rs4803768 54 0 2 0.037037037 Benign 

 

TREM2 gene 

The calculated frequency of SNVs related to this gene is shown in the table (Table 3). Pathogenicity 

analysis showed that all SNVs were benign. 

 

Table 3: The results of calculating the frequency and investigating the pathogenicity of SNV 

related to the  TREM2 gene 
TREM2gene 

 rs number Sample Size Heterozygote(s) Homozygote(s) Allele Frequency Pathogenicity 

1 rs781244560 54 1 0 0.00925926 Benign 

2 rs141985285 54 1 0 0.00925926 Benign 

3 rs2234258 54 1 0 0.00925926 Benign 

4 rs2234256 54 1 0 0.00925926 Benign 

5 rs2234253 54 1 0 0.00925926 Benign 

 

3.2: The results of comparing the frequency of SNVs found in genes with their frequency in 

different populations in SNP and also with Iranome data are given below. 

EPHA4 gene 

 

Table 4: The results of comparing the frequency of EPHA4 SVNs with its frequency in SNP and 

Iranome databases. 
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TOMM40 Gene 

Table 5: The results of comparing the frequency of TOMM40 SVNs with its frequency in SNP and 

Iranome databases. 
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Table 6: The results of comparing the frequency of TREM2 SVNs with its frequency in SNP and 

Iranome databases. 
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4. Discussion 

EPHA4 gene 

EphA4 is a tyrosine kinase receptor of the ephrin system that is highly expressed in the nervous system 

and serves as an important repellant cue in axon guidance during nervous system development, 

whereas, in adults, hippocampal EphA4 is a critical mediator of synapse morphology, synaptic 

functionality, and plasticity. During physiological processes such as homeostatic plasticity and long-

term potentiation, EphA4 modulates synapse excitability by regulating the local levels of AMPA 

receptors and glial glutamate transporters. As a result, EphA4 has emerged as an intriguing target for 

disorders characterized by synaptic dysfunction, such as depression or Alzheimer's disease. EphA4 

inhibition improves spine loss in mice with an induced depressive phenotype. In the context of 

Alzheimer's disease, genetic reduction or pharmacological blockage of EphA4 rescues A-induced 

dendritic spine loss and long-term potentiation (LTP) deficits in cultured hippocampal slices and 

primary hippocampal cultures. Furthermore, reversal of A-dependent memory impairment in a 

sortilin-related receptor with LDLR class A repeats (SORLA)-the overexpressing mouse has been 

linked to decreased EphA4 activation and redistribution to postsynaptic densities. Several ephrin-A 

system members, including EphA1, EphA4, ephrin-A1, and ephrin-A5, have been linked to a variety 

of neurodegenerative conditions, including Alzheimer's disease and amyotrophic lateral sclerosis. For 

example, EphA4 is a substrate of -secretase, a protease that is dysfunctional in many early-onset 

Alzheimer's disease cases, and this EphA family member regulates the metabolism of the amyloid 

precursor protein (27). 

In this study, for the first time, the frequency of rs371364919, rs11888889, rs55790183, rs56081273, 

rs3770192, rs533283428, and rs1043034641 variants on the EPHA4 gene in the Azeri population was 

about 0.009, 0.009, 0.01, 0.01, 0.07, 0.009, and 0.01 respectively.  All variants of this gene were 

checked on the Varsome website and were found to be benign.   Also, most of the findings of the 

frequency of SNVs of this gene were consistent with the frequency available on the Iranome website.    

Alternately, intracellular APOE protein and tomm40 protein could interact at the mitochondrial 

surface to disrupt mitochondrial metabolism, resulting in apoptosis and Alzheimer's disease. Finally, 

variations in the TOMM40 gene's length may affect the expression of the adjacent APOE gene. The 

short form of TOMM40 may result in strong APOE transcription and, thus, normal e3 protein levels, 

which protect against disease. Notably, TOMM40 is located near and in significant linkage 

disequilibrium (LD) with APOE; thus, rather than assessing TOMM40 and APOE allele frequencies 

separately to determine whether either is associated with this complex neurological disease(27). 

In this study, for the first time, the frequency of rs73936968, rs157584 , rs760136, rs760136, 

rs1160984, and rs34404554 on the TOMM40 gene in the Azeri population was about 0.009, 0.10, 
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0.08, 0.02, 0.009 and 0.009 respectively. All variants of this gene were checked on the Varsome 

website and were found to be benign.  Also, most of the findings of the frequency of SNVs of this 

gene were consistent with the frequency available on the Iranome website. 

 

TREM2 gene 

 a number of uncommon TREM2 mutations have been identified that considerably raise LOAD risk 

by 2- to 4-fold, similar to the raised risk brought on by having one copy of APOE 4. The most 

prevalent and extensively researched TREM2 variant associated with an increased risk of AD is 

rs75932628, a single nucleotide polymorphism encoding an amino acid 47 (R47H) missense 

substitution for an arginine. Two separate investigations on persons of European or North American 

ancestry and Icelandic subjects conducted in 2013 were the first to identify the R47H variation as a 

risk factor for LOAD (28). 

In this study, for the first time, the frequency of rs781244560 on the TREM2 gene in the Azeri 

population was about 0.009. This variant of this gene was checked on the Varsome website and was 

found to be benign.  Also, most of the findings of the frequency of SNVs of this gene were consistent 

with the frequency available on the Iranome website. 

According to the results obtained from this study, the frequency of gene variants involved in 

Alzheimer's can be seen in the population of northwest Iran. Therefore, measures to prevent this 

disease are necessary. 

 

Conclusion 

Alzheimer's disease is the most common neurodegenerative disease in the elderly, and it has caused 

significant damage to our health. While researchers have made substantial progress towards 

understanding Alzheimer's, there are still no effective treatments available, and the exact cause of the 

disease remains unclear. Therefore, it is urgent that we improve our understanding of the disease's 

pathogenesis to develop effective treatments for Alzheimer's. The results of a recent meta-analysis 

could help us achieve this goal. The study found that certain genetic variations, such as EphA4, 

TOMM40, and TREM2, were present in the population under study. The majority of the findings 

regarding the frequency of SNVs in this gene were in agreement with the frequency listed on the 

Iranome website. Based on these findings of the population in northwest Iran, it is imperative to take 

preventive measures and manage environmental factors to avoid Alzheimer's in old age, as there is a 

hereditary risk of the disease. It also clarifies the extent of the role of WES and bioinformatics in 

facilitating and diagnosing the variant genes responsible for any diseases . 
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