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Abstract

Background/Aims: Drug addiction is a neuropsychiatric disorder characterised by compulsive
drug-seeking behaviour notwithstanding adverse consequences. This work seeks to address a
deficiency in the literature by comparing drug-addicted and non-addicted individuals within
an Iragi population through the analysis of a 1000-base pair variable number of tandem
repeats (VNTRs) polymorphism of the dopamine receptor gene DRD4. The association of this
novel polymorphism with drug addiction has not yet been examined. Methods: A total of 270
people were registered between May 2022 and June 2023. Of these, 180 had drug addictions
and 90 were healthy controls. DNA was extracted from the participants’ blood samples.
Restriction Fragment Length Polymorphism was used to investigate genetic polymorphisms in
the DRD4 and VNTR genes to identify differences. Results: The genotype frequencies differed
markedly between the control group (GC, 3% frequency) and the patient group (GC, 37%
frequency). The control group had more of the genotype that was more common among
addicts. The C allele was present in 60% of the patients but in only 1% of the controls. The
results showed that the CC genotype is more common in the patient group than in the control
group. A comparison of repetitions between the control and patient groups was made based
on the distribution of genotypes of SNP rs747302. Patients with the GG genotype had an
average of 17 repetitions, whereas those with the GC genotype had 18, and those with the
CC genotype had 18.3. The results showed that people in the CC genotype group had a lot
more repetitions. Conclusion: The results of our study indicated that the CC, GC, and VNTR

genotypes significantly contribute to heroin addiction risk in Iraqis.
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Introduction

Drug addiction is a chronic, relapsing brain disease that is defined by an obsessive
need to get drugs and use them even when they have detrimental effects on behaviour and
neurobiology [1]. The main way that psychomotor stimulantslike cocaine, methamphetamine,
and amphetamine function is by raising the amounts of extracellular dopamine in the brain
[2]. So, genes that are involved in dopaminergic neurotransmission are very important in the
causes of drug addiction [1]. Dopamine is necessary for long-term neural plasticity, which in
turn makes reward-predictive cues important [3]. The human brain has five different types
of dopamine receptors: D1, D2, D3, D4, and D5 [4]. These receptors are encoded by the genes
DRD1, DRD2, DRD3, DRD4, and DRD5 [5], controlling several physiological processes that
are affected by dopamine. People have recently become quite interested in the gene DRD4,
which is located on chromosome 11p15.5 [7]. This gene may be a risk factor for disorders
that make people more likely to acquire addictive habits [8].

A Variable Number of Tandem Repeats locus (VNTR) shows how a short nucleotide motif
is arranged as a series of repeated sequences in a DNA sequence [9]. These polymorphism
zones are spread out over numerous chromosomes and are defined by differences in the
number of copies of the repeating unit [9]. Minisatellites are VNTRs that have repeat units
that are between 10 and 100 base pairs long. Microsatellites, on the other hand, have repeat
units that are less than 10 base pairs long. VNTRs are useful identifiers for forensic research,
genetic linkage analysis, DNA fingerprinting, and other similar domains since they are so
different from each other [9]. The potential of VNTR markers for linkage mapping was first
recognised when researchers observed that the number of tandem repeat units in certain
genomic regions varied greatly between individuals [10].

The DRD4 exon III VNTR polymorphism is a possible genetic factor that makes people
more likely to develop substance use disorders in several populations. It has gotten a
lot of interest in psychiatry and behavioural genetics [11]. In most human groups, this
polymorphism in DRD4 exon 3 has common length variants of 2, 4, and 7 repeats [12]. There
is conflicting evidence about whether the DRD4 VNTR polymorphism is a direct genetic risk
factor for substance abuse or dependence. However, some studies have shown that it may
be involved in the development of intermediate phenotypes or personality traits that make
people more likely to use drugs and become addicted [14].

Variable number tandem repeat polymorphisms (VNTRs) have been studied in many
different populations since they change a lot and have higher mutation rates than single-
nucleotide polymorphisms (SNPs). VNTRs are very beneficial for DNA fingerprinting and
genetic studies that look at an entire population since they are naturally different from
each other [15]. Dopaminergic, opioid, and serotonergic pathways have been the primary
targets of candidate gene studies in the context of substance use disorders. Chinese groups
have done research that shows there are big genetic differences between white people and
Chinese people that are linked to drug addiction. Scientists have also found inherited risk
factors that are only present in the Chinese people [16]. Changes in the DRD4 gene, namely
in the exon III VNTR, have been regularly related to heroin addiction. This gene is involved
in regulating dopamine production. One way that these VNTR mutations may change
the likelihood of substance abuse is by changing how dopamine signals [17]. Functional
investigations have made it clearer how DRD4 VNTR allelic variation affects dopamine action
in the central nervous system. People with the long-repeat allele of DRD4 exon III VNTR
seem to respond differently to drug-related signals than people with the short-repeat allele.
For example, individuals carrying the long-repeat allele showed stronger cravings for heroin
when exposed to drug-related cues [18]. Some researchers have revealed no link between
substance use disorders and polymorphisms in DRD2 Taql and DRD4 exon IIIl VNTR in male
Han Chinese people who are addicted to methamphetamine. This makes it possible that
there are genetic differences that are unique to this community [19]. There is proof that
DRD4 VNTR polymorphisms make people more likely to get addicted. Specifically, people
who carry the DRD4 long-repeat allele (DRD4L) report much higher rates of substance use
and more frequent use compared to control groups [20, 14].
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Arecent study has connected polymorphisms in the dopamine receptor D4 gene (DRD4)
to substance use disorders (SUDs), especially in people who use drugs heavily. People with
seven or more repetitions of the DRD4 exon III VNTR alleles were more likely to have used
hard drugs in the recent six months than people with fewer repetitions [21]. There were
statistically significant differences in the frequency of DRD4 genotypes between healthy
controls and people with SUD in comparative analyses. This suggests that people who are
addicted may be genetically more likely to become addicted [22, 23].

A 48-base pair VNTR variation in the DRD4 gene was connected to a higher risk of
substance use disorder in an Arab-majority community in Jordan [24]. In the past, research
in the US and Israel indicated a similar strong association between long alleles (26 repeats)
and a higher risk of addiction [20, 25]. Also, the distribution of DRD4 exon III genotypes
was very different between control subjects and those with behavioural addictions or
amphetamine dependence. This is further evidence that DRD4 VNTR variation has a role in
addiction phenotypes [26].

This study investigated a sample of Iraqis who had never been studied before to see
if there was a link between drug addiction and the DRD4 rs747302 SNP. It also looked at
how the distribution of DRD4 1000-base pair VNTR polymorphisms was different between
people who were addicted and those who weren’t. The aim of the study was to investigate
how genetic variations in the DRD4 gene might contribute to increased susceptibility to
addiction among individuals from Middle Eastern populations.

Materials and Methods

Study Design and Participants

This case-control study took place at Al-Hillah, Babylon Governorate, Iraq, from May 2022 to June
2023. The biological samples were obtained from two key sources: a nearby prison and a hospital. There
were 185 people in the study group who had a history of drug abuse and 90 healthy people in the control
group. People in both groups were between 25 and 45 years old. To verify a diagnosis of substance use
disorder based on clinical symptoms, the patients in the addiction group had to complete a urine test
designed to screen for multiple drugs. Everyone in Al-Hillah who was a member of the general population
was considered a potential member of the control group. They also had to be drug-free, have no known
health problems, and have never taken drugs previously.

Blood Collection

Each participant underwent a standard phlebotomy procedure to acquire two millilitres of venous
blood in an aseptic manner. The samples were promptly transferred to EDTA tubes to prevent clotting and
facilitate DNA extraction. To preserve the samples and ensure the accuracy of the molecular study, they were
all kept at -20 °C until they were processed.

Single Nucleotide Polymorphisms (SNP) Genotyping

The gReliaPrep™ Blood DNA Extraction Kit (Promega, USA) was used to separate genomic DNA from
whole blood samples, following the manufacturer’s instructions. A NanoDrop spectrophotometer (Nas-9,
China) was used to measure the absorbance at 260/280 nm to determine DNA purity. DNA samples were
kept at -20 °C until they were ready for genotyping analysis.

The polymorphism investigation was conducted at the DRD4 gene, paying special attention to the
single-nucleotide polymorphism (SNP) rs747302 and a variable number tandem repeat (VNTR) region.
Table 1 illustrates the acquisition of primer sequences from the Integrated DNA Technologies (IDT) website
and the National Centre for Biotechnology Information (NCBI). The custom primers were produced by
AccuOlig Bioneer in Korea. The total amount of each polymerase chain reaction (PCR) was 25 pL. It had 12.5
uL of Master Mix, 2.5 pL of each primer, 2 pL of genomic DNA, and water that didn’t have any nucleases in it.
A Bio-Rad thermal cycler was used for the amplification. The cycling conditions were as follows: 4 minutes
of initial denaturation at 95 °C; 40 cycles of denaturation at 94 °C for 30 seconds, annealing at 70 °C for 45
seconds for DRD4 and 66 °C for VNTR, and extension at 72 °C for 30 seconds; and lastly, a final extension at
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Table 1. The sequence of the primers used in the study

Annealing
Gene Primers Sequence (5'....3") temperature Product size (bp)
°C

IF02 CGGGAGTGCTGTGGAGAACG for G allele: 250

IR02 CCCGACCCGTCCCACAAT for C allele: 189
rs747302 70

OF02 GTCTTGAGGGAGGTCCGGGTTT

of two outer primers: 400

OR02 CTGGGAACTTGTCCGGCTTTACC

F ACCACCACCGGCAGGACCCTCA
VNTR 66 48----960

R CTTCCTACCCTGCCCGCTCATG

72 °C for 10 minutes. Ethidium bromide was used to stain a 1.5% agarose gel, which allowed us to see the
PCR results under UV light. A 1000 bp DNA ladder was used to determine fragment sizes and ensure the
amplification of target gene fragments.

Statistical Analyses

The data were analysed using SPSS software (version 26) (IBM Corp., Armonk, NY, USA). The data’s
normality was evaluated before conducting statistical tests. One-way ANOVA was employed to compare
group means, whilst Student’s t-test was utilised for comparisons between two groups. Genotype and allele
frequencies were determined using direct counting, and departures from Hardy-Weinberg equilibrium
(HWE) were assessed using Pearson’s chi-squared test [27]. Odds ratios (ORs) with 95% confidence
intervals (CIs) were calculated to assess the strength of the associations. VNTR data were expressed as
mean * standard deviation (SD). A two-way ANOVA was performed to investigate the relationship between
genotype distribution and VNTR patterns in patient and control groups. Statistical significance was
established as p < 0.05 (*) and p < 0.01 (**).

Results

Genotypic analysis of DRD4 rs747302

Genotypic analyses of the control and patient groups examined the distribution of GG,
GC, and CC genotypes for the rs747302 variant. Genotypic and allelic frequencies were
analysed to investigate if there was a link between the DRD4 rs747302 polymorphism and a
higher risk of drug addiction. The genotype distribution and allele frequency among healthy
controls were in line with the Hardy-Weinberg equilibrium (P < 0.05), as shown in Table
2. The patient group had a lot more GC (37%) and CC (43%) genotypes than the control
group (20% and 3%). This was especially true for individuals with addictions. Participants
in the study had a 40% probability of harbouring the G allele, while those participating in
the control group had a 90% probability. On the other hand, the C allele was found in 60%
of the patients and only 1% of the controls (Table 2). The p-value of 0.0001 is well below the
significance threshold of 0.05, indicating a highly significant association. This study found
that the CC genotype is more prevalent in the patient group than in the control group (Table
2).
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Table 2. Genotypes and alleles frequency (%) of dopamine receptor gene DRD4 rs747302. CI: Confidence
interval; n: number; * significant at p-value < 0.05; ** significant at p-value < 0.01. x* = Chi-square statistic

Genotype Frequency (%) DRD4 rs747302

Genotype Control n=90 Patients n=180 p-value Chi-square 0dds Ratio 95% Cl
GG 69 (77%) 36 (20%) 1.0
GC 18 (20%) 66 (37%) 0.0005 ** 1228 7.028 2.124- 21.75
cc 3 (3%) 78 (43%) 0.0001 ** 24.7 49.83 7.506- 531.5
Chi-square 0.543 NS 1.9269 NS
P- Value 0.762 0.2206

Allele frequency (%)
Allele n=180 n=360 p-value  Chi-square 0Odds Ratio 95% CI

G 0.9 (156) 0.4 (138)

4.569 -22.33
C 0.1 (24) 0.6 (222) <0.0001 ** 37.68 10.46

Statistical analysis of VNTR

A comparison was performed
between the control group and
the patient group within the Iraqi
population about the DRD4 exon
III 'VNTR. Independent samples
t-test and standard deviation were
computed to evaluate the VNTR
between the two groups. The patient
group demonstrated considerably
elevated levels, showing a strong
correlation between the existence
of repetitions and the patient group
(Table 3).

A two-way ANOVA was used to
compare the VNTR repeat numbers
in the control and patient groups.
The DRD4 SNP rs747302 genotypes
(GG, GC, and CC) were then used to
classify the participants into groups.
On average, patients with the GG
genotype had 17 repetitions, those
with the GC genotype had 18, and the
highest repeat count was 18.3 for the
CC genotype. Based on these results,
it appears that the patient group
has a substantially higher number
of repeats when the CC genotype is
present. Fig. 1 also shows that within
the CC genotype subgroup; there
was a more noticeable variation in
repetition numbers between the
control and patient groups.

Table 3. A comparison of VNTR between the patient and
control groups. VNTR vs rs747302. SD: standard deviation,
n: number; ** significant < 0.01

Mean + SD
Parameter Significant
Control (n=90)  Patient (n=180)
No. of
11.07+0.365 18.68+3.569 <0.0001**
Repeat

Fig. 1. A highly significant difference between the control
and the patient groups of (GG, GC, and CC).

Comparison of VNTR Repeats between Controls and Patients
35} **p < 0.0001

30

25

1o = -

o

VNTR Repeat Number

Controls (n=90) Patients (n=180)
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Discussion

Drug addiction is a neuropsychiatric disorder that is caused by several genetic and
environmental factors. Researchers have extensively studied polymorphisms in dopamine-
related genes because they may influence susceptibility to addictive behaviours [30]. The
SNP rs747302 and the VNTR region inside the dopamine receptor D4 (DRD4) gene may play
arole in controlling behaviour and processing rewards [31].

The coding region of the DRD4 gene has four exons and three introns, based on an
analysis of its structure [5]. Our findings demonstrate a strong association between the GC
and CC genotypes and VNTRs in exon 3 of the DRD4 gene. The results are consistent with
recent studies done in the US and Israel that indicated a strong connection between lengthy
alleles (26 repeats) and the risk of drug addiction [20, 27]. The 48 bp VNTR polymorphism
in exon 3 of DRD4 is a key genetic difference linked to substance use disorders (SUD). It is
strongly linked to SUD in Arab communities, such as the Jordanian group, where the 7-repeat
allele was strongly linked to SUD [11].

Long alleles (=7 repeats) have been connected to behavioural and addictive disorders
such as delinquency, smoking, and being more sensitive to heroin, alcohol-related stimuli,
and nicotine [28]. The length polymorphism of the DRD4 VNTR also sets people with long-
type genotypes apart from those with shorter alleles. This polymorphism has been connected
to aggressive, delinquent, thrill-seeking, impulsive, insecure, and angry behaviour [29].

This novel case-control study examined the association between drug addiction risk
and polymorphisms in the DRD4 gene, namely SNP rs747302 and the adjacent VNTR region,
among a cohort of Iraqis. The findings indicated that individuals possessing the C allele of
rs747302, specifically those with CC and GC genotypes, exhibited a higher propensity for
drug addiction. It indicates that there may be a genetic link regarding how well dopamine
works.

Analysis of the SNP rs747302 showed that the genotype distribution of heroin users and
healthy controls was very different. Thirty-seven per cent of people with the GC genotype
were in the patient group, but just 3% of people in the control group had it. In the same
way, 60% of the patients had the C allele, whereas just 1% of the controls did. Patients also
had a much higher rate of the CC genotype. The average number of VNTR repetitions also
changed with genotype. The CC genotype had the most repeats (18.3), followed by the GG
genotype (17 repeats) and the GC genotype (18 repeats). The results of this study reveal
that Iraqis with the CC and GC genotypes and more VNTR repeats are more likely to become
addicted to heroin. This is the first study to report a significant association between the
DRD4 rs747302 polymorphism, VNTR repeat number, and heroin addiction risk in an Iraqi
population, demonstrating that carriers of the CC and GC genotypes—with higher VNTR
repeat counts—are substantially more susceptible to heroin dependence.

Szantai et al. (2005) discovered a 27-base pair deletion at the -521C>T SNP, making it
difficult to accurately genotype the -616C>G SNP using the Sau961 RFLP method. This deletion
could change the DRD4 gene’s function and is rare. Szantai et al’s (2005) study highlights
the complexity of DRD4 genetic variation and its potential impact on gene expression and
dopaminergic transmission. Understanding these differences across groups like the Iraqi
cohortis crucial for drug addiction research [32]. The dopaminergic system, particularly the
mesolimbic pathway, is crucial for repetitive drug-seeking behaviour, with the polymorphic
DRD4 gene primarily found in the receptor’s third cytoplasmic loop [33]. Together, these
findings highlight how changes in DRD4—even outside the protein-coding regions—can
shape dopamine signalling, and our results extend this understanding to a Middle Eastern
population with clear implications for addiction risk.

The DRD4 receptor, one of the most polymorphic functional proteins, has varied
pharmacodynamic properties and has been shown to work with atypical antipsychotic
drugs like clozapine [34]. Our findings are in line with past studies that found a relationship
between certain changes in dopaminergic genes and addiction [35]. Researchers discovered
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receptor variants on chromosome 11p15.5 are linked to impulsivity, novelty seeking, and
reward sensitivity, making individuals more susceptible to substance use disorders. The
research focuses on variable number tandem repeats in exon III [36].. There hasn’t been
much research that looked at the rs747302 variant about addiction yet. Our study expands
this scope by examining the DRD4 rs747302 SNP in a non-coding region, alongside VNTR
repeat counts, in a previously unstudied Middle Eastern cohort.

Gervasini et al. (2018) revealed that several intronic SNPs in DRD4 and other
dopaminergic genes are linked to psychiatric and behavioural disorders. This indicates that
non-coding regions play a crucial role in function [37]. Du et al. (2010) found that individuals
without the 7-repeat allele were more likely to drink. They also found a 48-base pair VNTR
mutation in exon 3 of the DRD4 gene, indicating a higher drinking likelihood [38].

Our findings support earlier research that found a link between the 7-repeat allele
and impulsivity, risk-taking, and a yearning for new experiences—all of which are strongly
associated with a tendency to seek out drugs [35]. The study suggests that the rs747302
risk allele and long VNTR repeats may increase the likelihood of addictive behaviour. DRD4
polymorphisms may play a role in addiction and other personality traits. The 7-repeat (7R)
allele is more common in ADHD patients, indicating that DRD4 changes may be linked to
behavioural disorders. Dopaminergic genetic differences may alter an individual’s initial
enjoyment of a new substance [39].

McGeary et al. (2006) revealed that the DRD4 VNTR is linked to alcohol cue-reactivity.
People with the long allele are more likely to feel cravings and physical arousal when they
see cues that are linked to alcohol [40]. This gives us more proof that DRD4 is involved
in conditioned responses, which are a huge challenge for those who want to stop using
drugs. There are certain intronic SNPs, including rs1800955 (C-521T), that are close by or
functionally like rs747302 and have been linked to changes in transcriptional activity and
traits related to addiction. However, rs747302 has not been investigated much for addiction
[41].

Kreek et al. (2005) highlighted the role of gene-environment interactions in addiction,
highlighting the importance of multifactorial models that consider both biological and
environmental factors. They found that adolescents with the long allele were more likely
to develop substance use disorders [42]. Mallard et al’s 2016 study found that DRD4 VNTR
polymorphism in 51 adolescents with disruptive behaviour disorders increased their
likelihood of drug abuse, with DRD4L carriers using marijuana and heavy drugs more
frequently than DRD4S homozygotes [24]..

Al-Eitan et al. (2020) found a strong link between substance use disorder (SUD) and
DRD4 VNTR polymorphisms in Jordanian Arabs and heroin addiction in Iraq. However, there
was no link with SLC6A4 polymorphisms. The study suggests unique genetic patterns in
each population, supporting the idea that the gene plays a role in Arab populations [43].

A meta-analysis by Chen etal. (2011) found that DRD4 exon III VNTR alleles, particularly
the 7-repeat and long alleles, are linked to a higher risk of opioid addiction. Recent Iraqi
research also linked two DRD4 genotypes, CC and GC, to heroin addiction [44]..

When it comes to addiction genetics, Iraqgis are significantly different from the groups
examined in the West and East Asia, both in terms of their genes and their environment. There
may be a lot of differences between ethnic groups in how often alleles occur and how genes
interact with their environments. Our results highlight the need for comprehensive genetic
studies across diverse populations to better elucidate individual risk factors and inform more
effective strategies for prevention and treatment. A combination of genetic predisposition
and unique cultural, economic, and post-conflict pressures may make people in Iraqg more
likely to become addicted. When researchers and politicians plan future initiatives, they
should keep in mind how genetic predisposition and environmental pressures affect each
other.

The findings of this study are the first to show a relationship between drug addiction
and certain genetic variants in the Iraqi population, namely DRD4 rs747302 and VNTR
polymorphisms. The results show how important it is to include populations that aren’t well
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represented in genetic studies. This will help us better understand the biology of addiction
and the impact that differences in dopaminergic genes play in making people more likely
to become addicted. To make the results more useful for a wider range of people, future
studies should use larger, multi-centre samples from all around Iraq and the neighbouring
territories. It is also crucial to employ epigenetic and transcriptome studies to figure out how
DRD4 expression is controlled and to investigate how genes and the environment interact
with one another to change the risk of addiction. Researchers may be able to figure out the
best ways to stop and treat substance use problems in people who are more likely to develop
them in the long run.

While this study provides valuable and novel insights into the genetic factors associated
with drug addiction and strongly suggests a role for DRD4 rs747302 genotypes and VNTR
repeatnumber in heroin addiction among Iraqis, several limitations should be acknowledged.
Firstly, the the modest sample size (180 patients, 90 controls) may have limited the statistical
power ofthefindings (180 patientsand 90 controls), which mayreduce sensitivity for detecting
smaller genetic effects. Secondly, the study did not examine additional genetic variants within
the dopaminergic and serotonergic systems, which are also known to play significant roles
in addiction vulnerability. Thirdly, the absence of control for important environmental and
psychosocial factors—such as trauma, socioeconomic status, and peer influence—may have
introduced confounding variables, reducing the reliability of the observed gene-behaviour
associations. Furthermore, the cross-sectional design of the study prevents any conclusions
about causal relationships. Additionally, potential confounders should be acknowledged:
environmental influences such as socioeconomic status, stress exposure, and peer networks
were not controlled for; participants were recruited from specific treatment and community
settings, introducing possible recruitment source bias; and, as our sample represents a
single regional population, unaccounted-for population stratification could influence allele
frequency differences. These factors highlight the need for larger, multi-centre studies with
careful adjustment for environmental variables to validate and generalise our results. Future
research should aim to address these limitations by employing larger, more diverse samples,
incorporating longitudinal designs, and exploring gene-environment interactions to better
understand the complex aetiology of addiction.

Conclusion

Our research shows that the DRD4 gene, which codes for a dopamine receptor that
is part of the brain’s reward system, has a big effect on the neurobiological processes that
lead to drug addiction. Dopamine is a key part of pleasure, motivation, and reinforcement;
however, substance use disorders are often linked to problems with dopamine. It looks like
several VNTR mutations in the DRD4 gene, along with the CC and GC genotypes, make Iraqis
more likely to become addicted. Changes in genes may modify how receptors work and how
dopamine is supplied. This, in turn, alters individuals’ responses to addiction-related cues
and increases their desire to use drugs.
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