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Abstract 

Purpose: To elucidate the genetic basis of drug addiction by conducting a genetic analysis of TH 
(tyrosine hydroxylase) gene and the novel polymorphisms that might help in understanding addiction 
and its molecular basis.  
Methods: Forty-two subjects were recruited into three groups for this study. DNA was isolated from the 
individuals. PCR amplification of TH gene was carried out and amplicons were sequenced. Genomic 
characterization of TH gene provided five polymorphic loci – TH 1, TH 2, TH 3, TH 4 and TH 5 which 
were found among all the groups.  
Results: According to Shannon’s diversity index, the studied population was between 0.0762 and 
0.6032. Heterozygosity index depicted that TH 1 locus was less heterozygous (0.3288), followed by TH 
5 (0.3152). TH 1 (0.1462) was the least heterozygous. Genotypic analysis predicted that among these 
five loci, TH 4 (p = 0.039898) and TH 2 (p = 0.851716) were non-significant (p > 0.05) and obeyed 
Hardy Weinberg Equilibrium (HWE) law. There are few genetic changes in the studied population that 
can statistically be associated with drug addiction. Still, their genotypic distribution in the gene pool was 
very low. 
Conclusion: On the basis of these findings, drug addiction in the studied population is more likely a 
social issue rather than a genetic one. 
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INTRODUCTION 
 
Phytocannabinoids are unique products of 
Cannabis sativa [1]. This plant produces about 
400 substances containing 60 chemicals that are 
famous for their unique effects [2]. The most 
psychoactive ingredient is D-9-

tetrahydrocannabinol (THC), which is the main 
component of cannabinoid drug groups, and the 
addictive strength of cannabis also depends on 
the amount of THC contained in it [3].  
 
All cannabinoids have mind-altering effects, but 
THC affects almost every organ system [4]. It 
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increases metabolism, lowers blood pressure, 
but also increases bleeding [5]. Other physical 
alterations include increased appetite, red eyes 
with dilated pupils, dry mouth, shallow breathing, 
dizziness and slower response times [6]. Chronic 
effects range from minor cough to lung cancer. 
Major attention is given to its role in the neuro-
transmitter 3. 4-dihydroxyphenethylamine is also 
known as dopamine and its metabolic pathway is 
mainly through the central nervous system [7]. It 
plays several roles in the nervous system and in 
all body functions, but performs the most 
important function in Reward-Motivated Behavior 
[8]. A strong relationship between increased 
dopamine levels and both artificially and naturally 
induced pleasurable experiences by drug and 
reward action has been established [9]. While 
there are multiple recreational drugs that can 
elevate dopamine levels directly or indirectly, 
such as cocaine, methamphetamine, heroin and 
nicotine [10], antiseptic drugs on the other hand, 
are found to reduce dopamine levels [11]. 
Tyrosine Hydroxylase (TH) plays a key role in the 
biosynthesis of dopamine [12]. The candidate TH 
gene for this enzyme is located in the telomeric 
region of the “p” arm of chromosome 11 at 
11p15.5  [13]. Human TH gene ranges from 8 kb 
of genome, and consists of 13 exons with an 
exon added to enable alternative splicing and the 
generation of four altered mRNA molecules [14]. 
 
The present study was aimed at exploring the TH 
gene in association with THC dependence, as 
variations in the TH gene is of particular interest 
in understanding genetic risks of drug 
dependence, because of its seminal role in 
dopamine synthesis. The protein encoded by this 
gene is involved in the conversion of tyrosine to 
dopamine. It is the rate limiting enzyme in the 
biosynthesis of catecholamines. Hence, it plays a 
key role in the physiology of adrenergic neurons. 
Polymorphisms in the TH gene have been found 
to be associated with addictive behavior. Genetic 
analysis of the polymorphism in the TH gene can 
be a useful tool to predict the possible 
susceptibility of an individual to drug addiction. 
 
EXPERIMENTAL 
 
Sampling strategy 
 
To understand the correlation between tyrosine 
hydroxylase TH gene sequence variations and 
drug addiction, individuals with suspected 
addictive behavior were recruited after taking 
their informed consents on pre-designed forms 
and briefing them about the objectives of the 
study. For this study, a total of 42 individuals 
aged 18 years or more were selected. Their urine 
samples were analyzed through “Multiline Drug 

Testing Kit” to confirm the prevalence of Delta-9-
Tetrahydrocannabinol THC. “Nicotine Testing Kit” 
was also used for confirmation of nicotine in the 
urine. The 42 individuals were selected 
depending on the type of substance of abuse 
found in their urine samples. These individuals 
were classified into three groups. First group 
consisted of Cannabis smokers as test group (n 
= 19), the second group comprised of simple 
cigarette smokers as control for nicotine (n = 12), 
and the third group contained non-smoker 
subjects (n = 11). 
 
Blood sampling and DNA extraction 
 
After obtaining consent from all the individuals 
involved in the study, 3 µL blood was collected 
from each individual, taking into account all the 
necessary precautionary measures. Blood was 
processed for the extraction of genomic DNA 
through organic method using Phenol-
Chloroform-Isoamyl alcohol. The quality of the 
extracted DNA was evaluated with 8 % agarose 
gel electrophoresis. 
 
DNA amplification and sequencing 
 
For PCR amplification, Primers were designed 
against two regions of the TH gene (Table 1). 
Total volume of the reaction was 25 µL with Taq 
Buffer 2.0 µL (10X), dNTPs 2.0 µL (25 mM/µL), 
MgCl2 2.0 µL (2 mM/µL), Forward Primer 0.6 µL 
(10 pM/µL), Reverse Primer 0.6 µL (10 pM/µL), 
Taq Polymerase 0.15 µL (5 Unit/µL) and DNA 
Template 1 µL (30 ng/µL). Through gradient 
PCR, both the primers were optimized at 56 oC 
and 59 OC respectively. Amplified products were 
analyzed with 1.2 % agarose gel followed by 
Sanger Sequencing on gene Analyzer. 
 
Statistical and bioinformatics analysis 
 
All retrieved sequences were analyzed using 
bioinformatics and statistical tools. Polymorphic 
sites were identified with BLAST 
(https://blast.ncbi.nlm.nih.gov/Blast.cgi) and 
ClustalW (https://www.genome.jp/tools-
bin/clustalw) software. Allelic and genotypic 
frequency of each locus was calculated and 
Hardy Weinberg testing was applied by 
calculating Chi2 using POPGENE32 software. 
Haplotypic analysis was performed with SHEsis 
(analysis.bio-x.cn). Association analysis was 
performed using One Way ANOVA. 
 
Ethical statement 
 
All procedures in this study were carried out in 
accordance with the Declaration of CIOMS [15]. 
Informed consent was obtained from all the 
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patients and participants. All the protocols and 
procedures were approved by the Ethical 
Research Committee affiliated with University of 
Veterinary and Animal Sciences, Lahore, 
Pakistan (approval no. 082/IRC/BMR). 
 
RESULTS 
 
The aim of this experiment was to identify the 
single nucleotide polymorphism (SNP) of the 
Tyrosine Hydroxylase (TH) gene responsible for 
the biosynthesis of dopamine.  
 
SNPs were identified by comparing the 
sequences obtained. A total of five variations 
were identified (Table 2). Sequence alignment of 
case and control provided the polymorphic sites 
(Fig 1). At locus TH1, an insertion mutation was 
detected as g.5718_5719insA. This variation was 
found only in control groups, hence it revealed a 
protective role against cannabis dependence. 
Contrary to this variation, 5721C>G was present 
at locus TH 2 only in test samples. At TH 3 locus, 
a transition mutation was found, but this variation 
was found only in control group 1. It depicted the 
5747T>C mutation as not having any association 
with cannabis dependence. But while considering 
the addictive nature of nicotine, an association 
was found, and that with replacement of T allele 
with C, an individual could become susceptible to 
nicotine dependence. In intron-4 of the TH gene, 
TH 4 locus displayed 7169C>G mutation. One 
more intronic variation was found as TH 5 with 
7177T>G genotype. Being intronic in location, no 
structural consequences were found due to TH 5. 
Pictorial location of these variations can be seen 
in Fig 2.   
 
Population Genetics Analysis 32 (PopGen) was 
used to determine the probability of the targeted 
mutant locus being considered as a marker. For 
the PopGen analysis, genotypic data was 
designed by assigning letter A to wild type 
alleles, and letter B to mutant alleles. Chi2 testing 

was performed to evaluate the Hardy Weinberg 
Equilibrium of all the mutant loci (Table 3). To 
know about the relative frequency of both wild 
and mutant alleles on all loci, allelic frequency 
was calculated and both alleles were assigned 
with respective values out of 1 as shown in Table 
3. For all loci, heterozygosity index was 
calculated in order to determine the probability of 
both alleles to exist at a particular locus. Locus 
TH 1 showed maximum heterozygosity values, 
followed by TH 3 locus, TH 5, TH 2 and TH 3 
respectively (Table 5). According to these values, 
majority of the population was found to be 
homozygous for all loci. 
 
Haplotypic analysis was performed using 
SHEsis, to analyze the linkage among the alleles 
at different loci, and how they associate 
simultaneously with the respective traits. The first 
combination which had Fisher’s value 
(0.022342), Pearson’s value (0.22322) and Odd 
Ratio 2.17 with 95 % confidence interval was 
found to be linked with the trait (Table 6). 
Through One-Way ANOVA, the genetic 
distribution of all the alleles was determined at 
five loci. P-values were also recorded and 0.05 
was taken as a threshold limit for significance of 
particular loci to be associated with addiction. 
According to table 6, only mutations at locus TH 
2 and TH 5 were found to be significantly 
associated with addiction to Cannabis. 
 
Table 1 
 
Primer Primer Sequence Tm 
Pri-1 for 
intron-1 

3’TTCAAAGGGTATCTGGGCT
CTG5’ 
3’GGGCTGAAAAGCTCCCGAT
TA5’  

56 oc 

Pri-2 for 
Exon-3 

3’AAAAACGTGCTCTCATCCC
CT5 
3’TCAGGAACTCAGCCCACA 
C5’ 

59 oc 

 

 
Table 2: SNPs Summary 
 

ID Position Location Wild Mutant P-value HWE 
TH1 g.5718_5719insA Intron1 - A 1.000000 Non-Significant
TH2 5721C>G Intron1 C G 0.851716 Non-Significant 
TH3 5747T>C Intron1 T C 0.003218 Significant 
TH4 7169C>G Intron4 C G 0.039898 Significant 
TH5 7177T>G Intron4 T G 0.000004 Significant 

 
Table 3: Overall allele frequency 
 
Allele\Locus TH1 TH2 TH3 TH4 TH5 

Allele A 0.7083 0.8472 0.7639 0.8194 0.7222 

Allele B 0.2917 0.1528 0.2361 0.1806 0.2778 
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Table 4: Summary of heterozygosity statistics for all loci 
 
Locus Obs_Hom Obs_Het Exp_Hom Exp_Het Nei Ave_Het 
TH1 0.9722 0.0278 0.5810 0.4190 0.4132 0.3288 
TH2 0.7500 0.2500 0.7375 0.2625 0.2589 0.1641
TH3 0.7500 0.2500 0.6342 0.3658 0.3607 0.3152 
TH4 0.8611 0.1389 0.6999 0.3001 0.2959 0.1462
TH5 1.0000 0.0000 0.5931 0.4069 0.4012 0.1667 
Mean 0.8667 0.1333 0.6491 0.3509 0.3460 0.2242
Std dev 0.1185 0.1185 0.0678 0.0678 0.0669 0.0897 
 
Table 5: Haplotype analysis 
 
Haplotypes    Case  

(freq) 
Control 
(freq) 

Chi2 Fisher's 
p 

Pearson's p Odds ratio [95%CI] 

A A A A A* 41.44(0.576) 11.00(0.344) 5.222 0.022342 0.022322 2.716 [1.138~6.482] 
A A A A B* 6.56(0.091) 1.00(0.031) 1.230 0.267504 0.267432 3.179 [0.371~27.220] 
A A B A A* 0.00(0.000) 15.00(0.469) 38.742 5.239010 4.997010 - 
A A B A B* 0.00(0.000) 4.00(0.125) 9.180 0.002460 0.002457 - 
A A B B B* 0.00(0.000) 1.00(0.031) 2.226 0.135786 0.135712 - 
A A A B A* 3.56(0.050) 0.00(0.000) 1.674 0.195731 0.195651 - 
B B A A A* 7.00(0.097) 0.00(0.000) 3.405 0.065073 0.065024 - 
B B A A B* 5.00(0.069) 0.00(0.000) 2.384 0.122678 0.122607 - 
B B A B A* 4.00(0.056) 0.00(0.000) 1.890 0.169300 0.169221 - 
B B A B B* 3.00(0.042) 0.00(0.000) 1.401 0.236537 0.236461 - 
(All those frequency <0.03 will be ignored in analysis.) 
Loci chosen for hap-analysis: TH1, TH2, TH3, TH4, TH5

 

 
Table 6: Association analysis of TH gene polymorphisms (mean ± SE) on the basis of genotypic distribution 
 
Locus/Genotype AA AB BB P-value 
TH1 0.33 ± 5.333 0.33 ± 0.3333 3.33 ± 1.6667 0.284754 
TH2 8.66 ± 1.2019 3 ± 2.5166 0.33 ± 0.333 0.027911 
TH3 7.66 ± 2.9059 3 ± 1.1547 1.33 ± 1.333 0.138382 
TH4 4 ± 1.5275 0.66 ± 0.6667 7.33 ± 1.453 0.028512 
TH5 3.66 ± 1.145 0.66 ± 0.4216 4 ± 1.9149 0.175298 
 

 
 (a) 

 
(b) 
 
Figure 1: Multiple Sequence Alignment among Mutant 
and Wild Type for (a) Exon-3, (b) Intron-1 
 

 
 
Figure 2: Chromatogram analysis of TH gene 
sequences representing mutant loci and their position 
 

DISCUSSION 
 
Neurotransmitters, which are important 
components of the nervous system, play a vital 
role in major behavioral traits. Dopamine being 
the most important neurotransmitter along with 
serotonin and few others, mainly control our 
Reward System or Reward Motivation Behavior 
[16]. Variable concentration of dopamine has 
been reported as a causative factor in major 
behavioral disorders like anxiety [17], depression 
and aggression[6]. Cannabis is the most 
commonly abused drug in majority of countries in 
the world because they are cheap and easily 
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available. It contains highly psychoactive 
substances that can stimulate dopamine 
production in our body, inducing sensational 
feeling for a particular time [18]. Among these 
psychoactive chemicals, the most active 
substance is D 9-Tetrahydrocannabinol or THC 
[19]. Drug dependence is directly linked to THC 
dependence in Cannabis abusers [20]. THC 
ligation in the human brain region is linked to the 
dopamine system, and studies have reported 
that THC acts on this system and manipulates 
dopamine production, causing the person to feel 
relaxed after THC intake. 
 
We hypothesized that there are certain variations 
in individuals’ genome that affect dopamine 
production, and these variations make such 
individual susceptible to drug dependence. In 
dopamine biosynthesis mechanism, multiple 
factors are involved and major attention is given 
to the tyrosine hydroxylase enzyme being the 
rate determining enzyme of this system.  
 
The present study was designed to investigate 
the role of Tyrosine Hydroxylase (TH) gene as a 
susceptibility factor for drug addiction, which is 
one of the major causes of self-harm, domestic 
violence, child abuse, suicide, theft and 
burglaries and most importantly, one of the main 
factors causing the spread of lethal diseases 
such as HIV, HCV, etc. Before collecting 
samples, urine samples of the individuals 
involved in this research were analyzed for THC 
and nicotine presence through “Multi Line Drug 
Testing Kit” and “Nicotine Screening Kit” 
respectively. After screening, blood samples 
were processed further for DNA extraction. Two 
regions were selected for genetic analysis. First 
region was hyper variable tetra repeat genetic 
marker TH 01 in intron 1 of TH gene and second 
was exon 3 of TH gene. PCR amplification, 
followed by Sanger Sequencing and 
bioinformatics analysis were applied on the 
sequence data. A total of five variations were 
recorded in this study and their associations 
were analyzed through statistical analysis. 
 
Similar studies were performed on individuals of 
Swedish, Tunisian, Polish and French origin, to 
find association of dopamine production in 
schizophrenic patients. Our results were 
consistent with Meloni and co-workers [21] for 
the Polish, and with Jonsson and co-workers [22] 
for the Swedish population. Allelic Frequency 
calculations confirmed that wild type alleles are 
dominant over mutant alleles in our population. 
According to Shannon’s diversity index, the 
population of the study lies between 0.0762 and 
0.6032, which indicates that the population have 
a variety of recombinants for following loci. 

 
Heterozygosity index was calculated for five loci. 
TH 1 locus was found to possess the maximum 
heterozygosity (0.3288), followed by TH 5 locus 
(0.3152). TH 1 (0.1462) was found to be the least 
heterozygous. Similarly, Haplotypic analysis was 
performed to investigate the probability of 
different polymorphisms co-existing at individual 
levels. Out of five haplotypes, only one was 
significant according to Fisher’s (0.022342) and 
Pearson’s (0.022322), having odd ratio 2.716 
[1.138~6.482]. 
 
Genotypic studies predicted that among these 
five loci, TH 4 and TH 2 are non-significant (P 
value more than 0.05) for change in the gene 
pool. While TH 1 and TH 3, TH 5 are significantly 
variable (P value more than 0.05). Limitations of 
this research include, low sample size. This 
baseline study provides room to explore the 
variation in mRNA and protein expression level, 
because TH gene produces 4 types of transcript 
variants through alternative splicing of exon 
1[14]. One such study was conducted by 
Haycock [23], in which he explored multiple 
protein isoforms in humans and compared them 
with rats. The socio-economic status of the 
subjects were not considered while sampling, 
and due to the social setup of certain societies, 
no female sample was included. Moreover, 
studies have reported that there are few other 
genes like DRD 1 [24], DRD 2 [25, 26], DRD 3 
[27], DRD 4, DRD 5, DAT 1 [25], DBH [28] and 
COMT, which have regulatory effects on 
dopamine production through TH expression 
control [29]. There is a gap for advanced 
neurobiological techniques to fill, which is by 
examining the dopamine levels in selected 
individuals before and after drug exposure, while 
putting into consideration, their genetic makeup. 
 
CONCLUSION 
 
There are a few genetic changes in the studied 
population that can be associated with drug 
addiction statistically, but the prevalence in our 
gene pool is very low. Thus, on the basis of 
these findings, drug addiction in the Pakistani 
population is more likely a social issue than a 
genetic one. Therefore, by reducing the social 
risk factor, we can combat the issue of drug 
addiction. 
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