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The virtual screening of SNP was performed using an automated program that automatically searched for 
articles and generated a list that included polymorphisms associated with the risk of substance use and various 
phenotypic traits. The screening found over 800 publications describing the relationship of addictions to 
psychoactive substances associated with various phenotypic traits of a person. To assess these relationships, 
19 most common polymorphisms were selected. As a result of the analysis, it was revealed that in a number of 
cases the effect of one or another polymorphism on the phenotypic traits of a person has no proven clinical 
significance, is localized in possible regulatory sites and does not lead to structural and functional changes in 
proteins. Out of 19 polymorphisms, 7 were selected: rs6579845, rs1360780, rs16965628, rs1800497, 
rs1789891, rs6277, and rs4680 as the most likely candidates for the role of key SNPs associated with 
phenotype parameters characteristic of a psychoactive substance user. 
Keywords: PMC, SNP, psychoactive substances, human phenotype, virtual screening SNP, data bases SNP. 
 

INTRODUCTION 

The biological predisposition to drug addiction, alcoholism and tobacco smoking is 
due to a number of specific manifestations of the neurochemical functions of the brain, 
provoking the development of mental and physical dependence on psychoactive 
substances (PAS). These manifestations, in turn, are a consequence of the implementation 
of the individual genetic program of human ontogenesis. Currently, a set of genes is 
known for which a convincing confirmation of their connection with the emergence of a 
narcotic drug has been obtained and published [1], alcoholic [2, 3] and tobacco [4, 5] 
dependencies. 

At the same time, the role of phenotypic factors in the formation of the risk of the 
demand for PAS is known. A number of studies confirm the presence of links between the 
somatotype and psychological qualities of a person with the consumption of, first of all, 
"legal" PAS [6, 7]. Previously performed own studies substantiated the influence of 
psychophysiological status on the development of alcohol and tobacco dependence in 
humans. It was determined that an increased propensity to consume alcohol and smoke 
tobacco is associated with a high level of general nonspecific reactivity of the body [8, 9]. 
Further study of the mechanisms of the formation of a person's tendency to the demand for 
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PAS requires the specification of the most probable genes and their polymorphisms, 
which determine the phenotypic signs of the manifestation of deviant forms of behavior 
that form the risk of the studied addictions.  

The search and analysis of polymorphisms can be divided into two approaches. The 
first approach involves the experimental production of mDNA or mRNA, their sequencing 
and assembly of the genome (genes), followed by decoding and entering the results into 
the dbSNP [10, 11]. The second approach is bioinformatic, which is an automated virtual 
screening of SNP databases and the identification of those polymorphisms that have not 
been studied or could be of interest for study for solving problems in various fields of 
science. In this regard, we chose the second approach, since there is a lot of data on 
polymorphisms and their number is constantly increasing, and manual analysis requires a 
lot of time. 

 
MATERIALS AND METHODS 

The algorithm used was developed in the form of a script written in the Pythonv 
programming language. 3.6.5 (Python Software Foundation, USA) in PyCharm 
environment (USA) [12]. The following plug-in libraries and modules were used to 
develop the algorithm: the Requests v.2.24.0 library was used to implement the request; 
for searching and selecting information from database sites – library Beautifulsoup4 
v.4.9.1. [13]. The script was executed on the command line, and saved to a Microsoft 
Excel (Microsoft, USA). The databases Pub Med Central (National Institutes of Health's 
National Library of Medicine, USA) and dbSNP (National Center for Biotechnology 
Information, USA). 

The search and work on the study of SNPs took place in two main stages. The first 
stage included a search for publications in Pub Med Central (National Institutes of 
Health's National Library of Medicine, USA) that mention SNP and its relationship with 
phenotypic traits, as well as the use of surfactants using an algorithm [12]. The following 
synonymous construct was used for the search: [Psychoactive substances or alcohol or 
tobacco or smoking or drugs] and [Pain sensitivity or reactivity of the body or body mass 
index or height or weight or excitability or anxiety or cyclothymic or aggressive or 
depressive or extraverted or adventurous or masculine or activity or hyperthyness or 
shyness or emotiveness or empathy or exaltation] and [human or man or woman] and 
SNP. After that, in the publications found, 2 experts in this field analyzed and identified 
SNP associated with the human phenotype and the use of surfactants. 

At the second stage, the analysis of the found SNP was carried out, which in the 
future can be verified experimentally. The analysis was carried out according to the 2nd 
stage of the algorithm [12]: SNP ID, gene: position in the chromosome (-s), allele, clinical 
significance, consequence, global frequency of minor alleles (MAF), phenotypic variation 
and/or psychoactive drug. 

 
RESULTS AND DISCUSSION 

As a result of the work at the first stage, as a result of a search using synonymous 
constructs, 834 articles were found. As a result of the operation of the algorithm, a table 
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was generated that includes: the title of the article, a link to PubMedCentralID and the 
phenotypic traits and / or PAS (an example is in Table 1). 

 
Table 1 

Article title, link in PubMedCentral ID and phenotypic traits and / or PAS 
 

Name 
PubMedCentral 

ID 
Phenotypic variation and/or 

Psychoactive drug 

GWAS and network analysis of 
co-occurring nicotine and alcohol 
dependence identifies significantly 

associated alleles and network 

30488612 

alcohol dependence co-

occurring nicotine 

dependence, genome-wide 
association studies, network 

analysis, pleiotropy 
 
Some publications were excluded from the analysis if they did not contain any data 

on the relationship of phenotypic traits and surfactants with SNP.  
As a result, after analyzing all publications, experts selected 19 SNP for further work 

(Table 2).  
During the analysis, three SNP of the GM2A gene (ganglioside activator) were found. 

Polymorphism rs6579845 was found in people addicted to alcohol and nicotine [11]. This 
polymorphism leads to a nucleotide change in the intron and has no proven clinical 
manifestations at the moment. The other two polymorphisms, rs12516391 and rs3806953, 
do not lead to negative consequences and are mainly involved only in the regulation of 
translation of the GM2A protein. In connection with the above, only rs6579845 can be 
used as a genetic marker to detect the presence of alcohol or nicotine addiction and 
phenotypic traits associated with them. 

As a result of the expression of the FKBP5 gene, a part of the complex with the 
glucocorticoid receptor is formed, which is involved in modulating the expression of 
glucocorticoid hormones. 

The selected SNP of this gene are associated with phenotypic traits formed by various 
factors. For example, the relationship of rs1360780 with the use of antidepressants [14, 
15], mental illness [16], changes in body mass index in people of different sex and age 
[17] and other factors (about 166 publications). Polymorphisms rs1360780 and rs9470080 
are localized in the intron, and rs3800373 is involved in the regulation of translation; 
therefore, most likely, these polymorphisms do not directly change the protein, but 
regulate its expression and possibly participate in alternative splicing. However, clinical 
manifestations are either absent or not proven according to the ClinVar database. 

The rs16965628 polymorphism is associated with the serotonin transporter gene 
SLC6A4, which ensures the availability of serotonin in the synaptic cleft, which is 
inhibited by the use of drugs such as cocaine. In recent studies, it was found that the above 
polymorphism is associated with cocaine and opiate addiction [18, 19]. Also, rs16965628 
is associated with the development of mental diseases, such as obsessive-compulsive 
disorder [20]. All conducted studies of rs16965628 had a small sample and therefore 
cannot be considered reliable. 
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Table 2 

SNP associated with the risk of substance use and human phenotypic traits 

 

SNP id Gene: 
position 

Allele Clinical 
significa

nce 

Conseque
nce 

MAF Phenotypic 
variation and/or 

Psychoactive drug 
1 2 3 4 5 6 7 

rs6579
845 

GM2A:chr5:
151262704 

A>G - Intron 
variant 

G=0.28 
A=0.39 

rs1251
6391 

GM2A:chr5:
151269445 

A>G benign 3 Prime 
UTR 

variant 

G=0.22  
A=0.38 

 
rs3806

953 
GM2A:chr5:
151269317 

C>G 
/C>T 

benign 3 Prime 
UTR 

variant 

T=0.22 
C=0.38 

 

alcohol and 
nicotine addiction 

[11] 

rs1360
780 

FKBP5:chr6:
35639794 

T>A 
/T>C 

drug 
response 

Intron 
variant 

T=0.34 

rs3800
373 

FKBP5:chr6:
35574699 

C>A 
/C>G 

- 3 Prime 
UTR 

variant 

C=0.33 

rs9470
080 

FKBP:chr6:3
5678658 

T>A 
/T>C 

- Intron 
variant 

T=0.37 

depression [14, 
15] 

body mass index 
[17] 

psychic disease 
[16] 

rs1696
5628 

SLC6A4:chr
17:30228407 

G>C - Intron 
variant 

C=0.14  
G=0.39 

drug addiction 
[19] 

psychic disease 
[20] 

rs1800
497 

ANKK1:chr1
1:113400106 

G>A drug 
response 

Missense 
variant 

A=0.27  alcohol [21] and 
antidepressants [22, 
23] addiction, body 

mass index [24] 
rs1229

984 
ADH1B:chr4

:99318162 
T>C 
/T>G 

drug 
respons, 

not 
proved 

Missense 
variant 

T=0.06 
C=0.31 

rs1789
891 

ADH1B/1C:
chr4:993292

62 

C>A 
/C>G 

- Missense 
variant 

A=0.15 
C=0.43 

alcohol [25, 28, 
29] and drug [27] 

addiction 

rs2835
859 

KCNJ6:chr2
1:37645860 

T>C 
/T>G 

- Intron 
variant 

C=0.15 
T=0.42 

nicotine addiction 
[30] 

rs6277 DRD2:chr11:
113412737 

G>A benign Synonym
ous 

variant 

A=0.41 depression  
[31, 32] 

rs1781
8902 

FTO:chr16:5
3837894 

T>G - Intron 
variant 

G=0.27 
T=0.39 

obesity [33] 
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Table continuation 2 

1 2 3 4 5 6 7 
rs1611

115 
DBH:chr9:13

3635393 
T>A 
/T>C 
/T>G 

Benign,  
not 

proved 

Upstream 
variant 

T=0.21 
 

nervous system 
diseases [35, 36], 

drug addiction [37] 
rs2399

496 
DRD3:chr3:1

14127166 
T>A 
/T>G 

- Downstre
am 

variant 

A=0.45 
T=0.40 

depression and 
nicotine addiction 

[39] 
rs4680 COMT:chr22

:19963748 
G>A drug 

response 
Missense 
variant 

A=0.48 
G=0.45 

psychic disease, 
depression, 

schizophrenia 
[40], alcohol 
addiction and 

aggression [21] 
rs4532 DRD1:chr5:1

75443147 
C>G 
/C>T 

Benign,  
not 

proved 

5 Prime 
UTR 

variant 

C=0.32 
 

impulsivity [21], 
psychic disease 

[42], psychoactive 
drug addiction [41] 

rs6280 DRD3:chr3:1
14171968 

C>T Benign/
Likely 
benign 

Missense 
variant 

C=0.47 
T=0.45 

psychic disease 
[44], alcohol [21] 
and nicotine [45] 

addiction 
rs6923

492 
GRM1:chr6:
146434188 

T>A 
/T>C 

Benign Missense 
variant 

T=0.47  
C=0.47 

psychic disease 
[46] 

 

The ANKK1 gene is involved in the regulation of dopamine synthesis, which means 
it is one of the links involved in the modulation of the dopaminergic system. The 
rs1800497 polymorphism results in an amino acid substitution that affects the activity of 
the Ser / Thr family protein kinase. Currently, it is known that there are a large number of 
genetic disorders in the dopaminergic system (over 300 publications), which have a strong 
influence on the formation of phenotypic traits associated with deviant behaviors in both 
men and women in response to, for example, alcohol consumption [21], psychoactive 
substances in mental illness [22, 23] and overweight [24].  

Alcohol dehydrogenase IB (ADH1B) beta polypeptide gene polymorphisms are well 
studied and are directly related to the risk of alcohol consumption and its metabolism in the 
body. Currently, most studies are aimed at identifying or confirming the relationship of the 
rs1229984 and rs1789891 polymorphisms not only with the risk of developing alcoholic [25, 
26] and narcotic [27] dependences, but also other human diseases, for example, collateral 
cancer [28], as well as with the influence of the environment on the realization of phenotypic 
manifestations formed in individuals with the presence of this polymorphism [29].  

The rs2835859 polymorphism was found in the KCNJ6 gene, which is responsible for 
the translation of GIRK2, a subunit of the G-protein-coupled internal rectifying potassium 
channel (the so-called GIRK). The results of the study indicate that rs2835859 can serve 
as an indicator predicting sensitivity to anesthesia and nicotine addiction [30]. 
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The DRD2 gene, which is responsible for the dopamine D2 receptor, has the rs6277 
polymorphism. By its type, polymorphism is benign / conditionally benign. Polymorphism 
can lead to an increase in the propensity for psychosis. Allele C rs6277 DRD2 was 
associated with higher levels of psychotic-like experiences [31] It was assumed that 
polymorphism is associated with behavior in solving simple / complex problems. 
However, no effect of DRD2 genotypes was found [32].  

The FTO gene encodes the FTO protein involved in energy metabolism and affecting 
metabolism in general. Currently, there are studies aimed at finding links between 
rs17818902 and obesity [33], but also with smoking, although no such dependence was 
found [34]. The polymorphism rs17818902 is in the intron and has no clinical 
manifestations according to the ClinVar database. It is unlikely that this polymorphism 
will determine smoking status, like the FTO gene itself. 

The rs1611115 polymorphism is associated with the DBH gene, which encodes the 
dopamine beta-hydroxylase enzyme. This enzyme catalyzes the conversion of dopamine 
to norepinephrine. Numerous studies of the dependence of various diseases have been 
associated with this polymorphism. So it is more likely that this polymorphism can be 
considered a genetic marker of Alzheimer's disease [35, 36]. It was also found that the 
presence of rs1611115 reduced the total use of cocaine with the use of disulfiram [37]. No 
association with Parkinson's disease was found [38]. The reliability has not been 
confirmed by the "ClinVar" database. 

In a study [39], the rs2399496 polymorphism, located 1.5 kb downstream of the DRD3 
dopamine receptor gene, showed a suggestive association with major depressive disorder and 
a significant association with concomitant incidence of nicotine addiction. This polymorphism 
is poorly understood and has no clinical manifestations according to the ClinVar database. 

COMT (catechol-O-methyltransferase) is a gene responsible for the translation of an 
enzyme that deactivates dopamine. The rs4680 (A; A) polymorphism results in decreased 
enzymatic activity and increased dopamine levels. Polymorphism of the type (G; G) is 
associated with a tendency to use cannabioids in adolescence and schizotypal 
manifestations in adulthood. The severity is lost with polymorphism (G; A), weakly 
expressed with (A; A). Moreover, this polymorphism affects the development of 
schizophrenia [40], depression and dependence on the use of psychoactive substances. 
Also, when alcoholic beverages are abused, it affects aggressiveness and impulsivity [21]. 

In the rs4532 polymorphism of the DRD1 gene, which encodes the dopamine receptor 
D1, a receptor for dopamine coupled with G-proteins, stimulating adenylate cyclase and 
activating AMP-dependent kinases, a significant association with impulsivity was 
revealed [21]. In several studies, the rs4532 polymorphism in DRD1 is considered as a 
potential pharmacogenomic marker of response to antipsychotic drug treatment [41], for 
example, prizophrenia [42]. It has also been established that the presence of the rs4532 
polymorphism when taking antipsychotics does not lead to weight gain [43]. Clinical 
manifestations are benign according to the "ClinVar" database. 

The rs6280 polymorphism is associated with the DRD3 gene, which encodes the D3 
dopamine receptor. This receptor inhibits adenylate cyclase. The type of polymorphism is a 
missense mutation that leads to the formation of another amino acid. Numerous studies of the 
dependence of various diseases have been associated with this polymorphism. A significant 
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association was found between the DRD3 SNP rs6280 and scores on the obsessive-
compulsive alcohol use scale [21]. Found a relationship in this polymorphism with 
schizophrenia in women [44]. Ser9/Gly single nucleotide polymorphism (SNP; rs6280) leads 
to D3R variants that have been identified and associated with smoking in humans [45]. SNP 
Ser9/Gly D3R corresponds to the substitution of serine for glycine at position 9 of the N-
terminal extracellular domain. Clinical manifestations are benign in the "ClinVar" database. 

The rs6923492 polymorphism belongs to the GRM1 gene (glutamate metabotropic 
receptor 1). This gene encodes the metabotropic glutamate receptor, which functions by 
activating phospholipase C. This gene can be associated with many disease conditions, 
including schizophrenia, bipolar disorder, depression, and breast cancer. The 
polymorphism itself changes the amino acid from Ser to Thr or Pro. It can also affect the 
development of autosomal recessive spinocerebellar ataxia-13 (SCAR13) according to 
ClinVar, attention deficit / hyperactivity disorder (ADHD) [46].  

It should be noted that all the above polymorphisms are described for different 
populations of people, different sex, age and place of residence. In most cases, the effect of 
one or another polymorphism on the phenotypic traits of a person has no proven clinical 
significance. It is also not unimportant that some of the polymorphisms are localized in 
introns or regulatory regions; therefore, it is difficult to assert about their direct influence on 
the change in the functional activity of proteins encoded by these genes. 

 
CONCLUSIONS 

Virtual screening of SNP of genes associated with the risk of substance use showed 
that a variety of polymorphisms leads to the development of various phenotypic traits, 
caused in most cases by alcohol and nicotine addiction. The studied polymorphisms lead 
to the development of various mental illnesses and metabolic disorders of the body. 

For further experimental verification of the effect of polymorphisms on human 
phenotypic traits and population characteristics of humans, the following SNPs were 
selected: rs6579845, rs1360780, rs16965628, rs1800497, rs1789891, rs6277, and rs4680. 
These polymorphisms are associated with all types of addiction to psychoactive substances, 
and at the moment they have partially or completely proven phenotypic traits in humans. 
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Крылов П. А. Виртуальный скрининг SNP генов, ассоциированных с фенотипическими 

признаками, связанными с риском употребления психоактивных веществ / П. А. Крылов, 
Е. О. Герасимова, Ю. А. Шатыр, А. Б. Мулик // Ученые записки Крымского федерального 
университета им. В. И. Вернадского. Биология, химия. – 2021. – Т. 7 (73), №4. – С. 69–78. 
Виртуальный скрининг SNP проводился с использованием программы, которая выполняла поиск 
статей, включающий SNP, связанные с риском употребления психоактивных веществ и различными 
фенотипическими признаками. В ходе скрининга было обнаружено свыше 800 публикаций, 
описывающих взаимосвязь зависимости от психоактивных веществ и различными фенотипическими 
чертами человека. В результате анализа было выявлено, что в ряде случаев влияние того или иного 
SNP на фенотипические признаки человека не имеет доказанного клинического значения, 
локализуется в возможных регуляторных участках и не приводит к структурным и функциональным 
изменениям белков. Из 19 SNP было выбрано 7: rs6579845, rs1360780, rs16965628, rs1800497, 
rs1789891, rs6277 и rs4680 в качестве наиболее вероятных кандидатов на роль ключевых SNP, 
связанных с параметрами фенотипа, характерными для потребителя психоактивных веществ. 
Ключевые слова: PMC, SNP, психоактивные вещества, фенотип человек, виртуальный скрининг SNP, 
база данных SNP. 
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