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Abstract—Opioid receptor kappa (KOR) is one of three endogenous opioid receptors which has critical roles
in rewarding systems by promoting anti-reward effects and causes dysphoria and relapse. KOR is encoded by
the OPRK1 gene and the polymorphisms of OPRK1 gene have been reported to be associated with various dis-
eases. OPRK1 rs963549 and rs997917 are two polymorphisms of the OPRK1 gene. They are shown to have
potential to affect addiction and alter the response to pharmacotherapy leading to individual differences,
therefore they are accepted as marker polymorphisms. Hence, in the current study, it is aimed to develop
PCR-RFLP assays to genotype OPRK1 rs963549 and rs997917 polymorphisms. The PCR-RFLP methods
were developed for the detection of OPRK1 rs963549 and rs997917 polymorphisms and were tested in 100
healthy Turkish controls. Allele frequencies of rs963549 in the Turkish population were 0.81 for allele C and
0.19 for allele T, and the genotype frequencies were 66% for CC, 31% for CT, and 3% for TT. For rs997917
polymorphism, 32% of studied subjects had TT genotype, 56 and 12% of them had TC and CC genotypes,
respectively and allele frequencies were 0.60 for allele T and 0.40 for allele C. Novel PCR-RFLP methods
were successfully developed for the detection of OPRK1 rs963549 and rs997917 polymorphisms, which could
be preferred and easily applied in the laboratories aiming to genotype OPRK1 rs963549 and rs997917 poly-
morphisms. Moreover, obtained allele frequencies may provide a perspective to pharmacogenetics and indi-
vidualized therapy.
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INTRODUCTION
Endogenous opioid system of the brain is the main

system responsible for regulating emotional behavior
and nociception (Mysels, 2009; Lalanne et al., 2014;
Karkhanis et al., 2017). This system also has a role in
over-consumption diseases such as obesity and addic-
tion (Lalanne et al., 2014; Karkhanis et al., 2017).
Endogenous opioid system consists of three G-cou-
pled nuclear receptors namely as mu (MOR), kappa
(KOR) and delta (DOR), which are activated by
endogenous ligands as beta-endorphin, dynorphin
and enkephalin, respectively (Lalanne et al., 2014).
Opioid receptors are responsible for addiction and
drug response. It is reported that polymorphisms on
opioidergic receptors genes are associated with more
successful treatment of drug and alcohol addiction.
The success of the treatment of substance use is also
dependent on genes encoding the neurotransmitters
which mediate reward function and substance
abuse (Bauer et al., 2015). Amongst opioid receptors,
KOR has a critical impact on rewarding systems by

stimulating anti-reward effects and leads to dysphoria
especially following prolonged drug exposure and
therefore promoting relapse (Wang et al., 2019; Abijo
et al., 2020). KORs are the most affluent opioid receptors
present in the human brain regions of stress response.
KORs are also involved in mood and pain modulation,
memory and learning (Burns et al., 2019).

KOR is encoded by the OPRK1 gene which is
located in chromosome 8q11.2 in humans. It is com-
posed of four exons and three introns (Yuferov et al.,
2004). OPRK1 is one of the candidate genes possessing
a critical role in the reward pathway (Abijo et al.,
2020). Several studies have shown the association
between OPRK1 gene polymorphisms and the risk of
addiction particularly alcohol dependence and opioid
withdrawal (Xuei et al., 2006; Gerra et al., 2007;
Edenberg et al., 2008; Ashenhurst et al., 2012; Xu
et al., 2013; Albonaim et al., 2017; Nagaya et al., 2018;
Park et al., 2019; Al-Eitan et al., 2021). Moreover,
OPRK1 variants have been shown to be associated with
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abnormal stress response and increased risk for sub-
stance use (Bauer et al., 2015).

OPRK1 rs963549 is a single nucleotide polymor-
phism located 3-UTR of the fourth exon of OPRK1
gene (Kumar et al., 2012). The relationship between
OPRK1 rs963549 polymorphism and naltrexone treat-
ment, an opioid-blocking drug used in the therapy of
alcohol dependence, was investigated and no signifi-
cant interaction was found in European and African
Americans (Gelernter et al., 2007). A study investigat-
ing the effect of OPRK1 rs963549 on alcohol and her-
oin dependence reported no association in the Indian
population (Kumar et al., 2012). Jones and colleagues
(2016) reported that there was no association between
OPRK1 rs963549 and opioid withdrawal. In a recent
study investigating the role of OPRK1 rs963549 poly-
morphism on the daily dose of methadone, a drug
used in the pharmacotherapy of heroin use disorder,
reported an association between OPRK1 rs963549
genotypes and methadone dose in Chinese Han pop-
ulation (Zhang et al., 2020).

OPRK1 rs997917 polymorphism is located on the
second intron of OPRK1 gene (Albonaim et al., 2017).
Intronic polymorphisms have potential to alter gene
expression and mRNA stability in the cytoplasm
(Shaul et al., 2017). Ashenhurst et al. (2012) reported a
significant interaction between OPRK1 rs997917 poly-
morphism and naltrexone. Albonaim and colleagues
(2017) found rs997917 a risk factor for opioid use dis-
order in Iranian population but Zhang and colleagues
(2020) showed no significant association in European
Americans. Furthermore, a recent study stated the
association of OPRK1 rs997917 polymorphism with
cocaine and opioid dependence in African Americans
(Yuferov et al., 2022).

The results of the limited number of studies on
OPRK1 rs963549 and rs997917 polymorphisms can be
defined as controversial. However, almost all studies
mentioned here were done with a limited sample size,
therefore there is a need to repeat these studies in
larger populations with different ethnic backgrounds
in order to reveal the potential association in indepen-
dent populations. To work with the larger populations,
methodology is an important factor due to the cost
and a cost-effective way should be considered. Gene
polymorphisms can be detected by several molecular
methods including TaqMan assay, f luorescent labeled
probing, DNA sequencing, molecular beacons, tetra-
primer amplification refractory mutation system poly-
merase chain reaction (T-ARMS PCR) and restric-
tion fragment length polymorphism (RFLP).
Amongst these the latter is the most preferred mean to
genotype single nucleotide gene polymorphisms
(SNP) due to its features such as rapidness, sensitivity
and cost-effectiveness (Feng et al., 2016). Here it is
aimed to develop PCR-RFLP assays to detect
rs963549 and rs997917 SNPs of OPRK1 gene and also
examine the application of this method.
MATERIALS AND METHODS
Study Population and DNA Isolation

A total of 100 healthy controls were recruited in this
study and 2 mL whole blood samples were collected
into ethylenediaminetetraacetic acid (EDTA) con-
taining tubes from these individuals. Tubes were kept
at –20°C until genomic DNA isolation which was
done using QIAmp DNA Blood Mini Kit (Qiagen,
Germany) according to the procedure recommended
by the manufacturer. The quality and the quantity of
the samples were measured by Nanodrop 2000 spec-
trophotometer (Thermo) and all samples were stored
at –20°C until further analysis was performed. The
study population consists of healthy individuals born
in Turkey, living in Ankara and possessing native
Turkish parents. The study design was approved by
Ankara University Ethics Committee (Approval no.
07-536-19 in 2019). Samplings were performed in
accordance with the principles of the Declaration of
Helsinki.

Polymerase Chain Reaction for OPRK1 rs963549 
and rs997917 Polymorphisms

The sequence information of rs963549 and
rs997917 SNPs in the human OPRK1 gene region was
obtained from the NCBI database. In order to amplify
the genomic regions containing these two SNPs, novel
primers were designed using the NCBI Primer-Blast
tool as below: rs963549 forward: 5'-GTTGCGTG-
GACCTTTTGTCC-3', rs963549 reverse: 5'-GGCTC-
CCGAGAGAAAGATCG-3', rs997917 forward: 5'-
CTGAACACCAGAAGGAAAAA-3', rs997917 reverse:
5'-ATACTTGACCGTCCTCATCA-3'. PCR reac-
tions consist of 5 μL of 5× standard buffer, 160 mM
dNTP mix, 0.4 μM forward and reverse primers,
1.25 mM of MgCl2, 1.25 units HotStart Taq poly-
merase (NEB, UK), 200 ng genomic DNA and sterile
distilled water up to 25 μL. PCR conditions were as
follows: initial denaturation at 95°C for 15 min, fol-
lowed by 36 cycles of denaturation at 94°C for 60 s,
annealing at 55°C for 90 s (rs997917)/60°C for 60 s
(rs963549), elongation at 72°C for 60 s, and a final
extension step at 72°C for 10 min. The expected sizes
of the PCR products were 563 bp for rs963549 and
489 bp for rs997917 and these amplicons were con-
firmed by agarose gel electrophoresis.

Restriction Fragment Length Polymorphism for OPRK1 
rs963549 and rs997917 Polymorphisms

Restriction Fragment Length Polymorphism
(RFLP) was performed in order to determine the gen-
otypes. Enzymes digesting the PCR products for
genotyping were determined using online tools such as
restrictionmapper.org and NEBcutter V2.0. Restric-
tion conditions and products were given in Table 1.
The digested products were electrophoresed on 3%
BIOLOGY BULLETIN  Vol. 50  No. 5  2023
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Table 1. RFLP conditions and products of rs963549 and rs997917

Polymorphism PCR product, bp Restriction
enzyme

Restriction 
products, bp Reaction ingredients

OPRK1
rs963549

563 AcuI
37°C
1 hour
incubation

CC: 281, 234, 48
CT: 281, 234, 140, 94, 48
TT: 281, 140, 94, 48

5 μL PCR product
1 μL G buffer
1 μL AcuI
0.2 μL SAM
2.8 μL nuclease-free water

OPRK1
rs997917

489 EcoRV
37°C
1 hour
incubation

TT: 265, 224
TC: 489, 265, 224
CC: 489

5 μL PCR product
1 μL R buffer
0.5 μL EcoRV
3.5 μL of nuclease-free water
agarose gel stained with ethidium bromide (EtBr). The
RFLP products of rs963549 were loaded using
6xLoading dye with 2% SDS in order to make the
DNA bands sharper. Additionally, to confirm the
RFLP results, three PCR products from each different
genotype (wild type, heterozygous and variant geno-
types) for both SNPs were sequenced with the same
sets of primers (Applied Biosystems 3730xl DNA ana-
lyzer, USA).

Statistical Analysis

Allele and genotype frequencies of both SNPs were
calculated by direct counting, and chi-square test was
used to evaluate the departure from the Hardy–Wein-
berg equilibrium. Statistical analyses were performed
using The Statistical Package for Social Sciences
(SPSS) version 21.0 software for Windows. All cate-
gorical data were shown as numbers. P < 0.05 was con-
sidered as statistically significant.
BIOLOGY BULLETIN  Vol. 50  No. 5  2023

Fig. 1. Schematic illustrations of PCR-RFLP method and restr
OPRK1 rs997917 (b). 
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RESULTS

Novel PCR-RFLP assays for genotyping rs997917
and rs963549 polymorphisms developed here were
summarized in Fig. 1. With the new primers designed
in this study, 563 and 489 bp regions of the OPRK1
gene to detect rs963549 and rs997917 polymorphisms
were amplified successfully (Fig. 2). The enzymes
determined to digest these amplicons were AcuI and
EcoRV, respectively. AcuI has two recognition sites to
determine rs963549 C to T polymorphism and the
expected restriction fragments were 281, 234 and 48 bp
for the wild type as shown in Fig. 3a. EcoRV has one
recognition site to determine rs997917 T to C poly-
morphism and does not cut the variant genotype. The
expected restriction fragments were 265 and 224 bp for
the wild type (Fig. 4a).

RFLP products of wild type, heterozygous and
variant genotypes of both SNPs were verified by
sequencing given below in Figs. 3b and 4b. The accu-
racy and reliability of the novel assays were confirmed
iction fragments for each genotype of OPRK1 rs963549 (a) and

(b)

CCTT

CCTCTT

R primerF primer 489 bp

265 bp 489 bp224 bp

EcoRV EcoRV
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Fig. 2. Agarose gel electrophoresis showing the sizes of PCR products containing OPRK1 rs963549 (a) and OPRK1 rs997917 (b)
SNPs. Lane M represents 100 bp ladder.
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Fig. 3. Agarose gel electrophoresis (a) and DNA sequencing (b) results of OPRK1 rs963549. In the agarose gel image (a), Lane M
represents 50 bp ladder; Lanes 1, 2, 5 and 6 represent homozygous wild-type genotype (CC); Lanes 3, 4, 7, 8 and 9 represent het-
erozygous genotype (CT) and Lane 10 represents homozygous polymorphic genotype (TT). In the DNA sequencing histograms (b),
(i), (ii) and (iii) panels represent OPRK1 rs963549 CC, CT and TT genotypes, respectively.
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Fig. 4. Agarose gel electrophoresis (a) and DNA sequencing (b) results of OPRK1 rs997917. In the agarose gel image (a), Lane M
represents 50 bp ladder; Lanes 3, 6 and 7 represent homozygous wild-type genotype (TT); Lanes 1, 2, 4, 5 and 9 represent het-
erozygous genotype (TC) and Lane 8 represents homozygous polymorphic genotype (CC). In the DNA sequencing histograms (b), (i),
(ii) and (iii) panels represent OPRK1 rs997917 TT, TC and CC genotypes, respectively.
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Table 2. Genotype and allele frequencies of OPRK1 rs963549 and rs997917 polymorphisms

SNP Genotype Expected Observed Allele Chi-square, χ2 P-value

OPRK1
rs963549
C>T

CC 66.4 66
C: 0.81
T: 0.19

0.078 0.78CT 30.2 31

TT 3.4 3

OPRK1
rs997917
T>C

TT 36.0 32
T: 0.60
C: 0.40

2.7 0.09TC 48.0 56

CC 16.0 12
as the sequencing results revealed 100% concordance
with them.

Allele frequencies of rs963549 in the Turkish pop-
ulation were 0.81 for allele C and 0.19 for allele T, and
the genotype frequencies were 66% for CC, 31% for
CT, and 3% for TT (Table 2). For rs997917 polymor-
phism, 32% of studied subjects had TT genotype, 56%
and 12% of them had TC and CC, respectively and the
allele frequencies were 0.60 for allele T and 0.40 for
allele C (Table 2).

DISCUSSION
Opioids are the key regulating elements of brain

functions including mood and reward. Among opioid
receptors, KOR has particular importance in addic-
tion as it involves in the rewarding system and dyspho-
ria. OPRK1 gene encoding KOR has become a poten-
tial biomarker for addiction due to its genetic varia-
tions. Therefore, it is critical to investigate the role of
its polymorphisms have been found to be associated
with a wide range of disorders (Kumar et al., 2012).

Single nucleotide polymorphisms can be detected
by several methods such as TaqMan genotyping, tetra-
ARMS PCR, DNA sequencing and PCR-RFLP.
Amongst these methods, PCR-RFLP is the most pre-
ferred one as it provides several advantages including
accuracy, sensitivity, rapidness, ease and being low-
cost (Feng et al., 2016).

Limited number of studies have focused on geno-
typing OPRK1 rs963549 polymorphism and none of
them has utilized the PCR-RFLP method (Kumar
et al., 2012; Jones et al., 2016; Zhang et al., 2020). Pre-
viously, Kumar and colleagues (2012) investigated the
role of OPRK1 rs963549 polymorphism in the suscep-
tibility to addiction where the genotyping was per-
formed by sequencing following PCR. Jones et al.
(2016) and Zhang et al. (2020) used matrix-assisted
laser desorption/ionization time of f light mass spec-
trometry (MALDI-TOF MS) and SNaPshot SNP
technology for genotyping, respectively. The genotype
frequencies of rs963549 were found as 81% for CC and
19% for CT+TT in the Indian population (Kumar
et al., 2012). In a Chinese Han population, genotype
frequencies were 86.9, 12.6, 0.5% for CC, CT and TT,
BIOLOGY BULLETIN  Vol. 50  No. 5  2023
respectively and allele frequencies were 0.93 for C
allele and 0.07 for T allele (Zhang et al., 2020). Sub-
jects carrying CC genotype of OPRK1 rs963549 poly-
morphism were more frequent in the Chinese and
Indian populations when compared with the Turkish
population. In the current study, the frequency of the
polymorphic T allele was 0.19 in the Turkish popula-
tion, whereas it was found to be very low in the Chi-
nese population as 0.07 (Kumar et al., 2012; Zhang
et al., 2020).

OPRK1 rs997917 polymorphism has been investi-
gated in a few studies and those studies utilized
TaqMan assays and amplification refractory mutation
system-polymerase chain reaction (ARMS-PCR) for
genotyping (Ashenhurst et al., 2012; Albonaim et al.,
2017; Yuferov et al., 2022). In one of these studies with
a mixed population where the majority has White
background, genotype frequencies were detected as
46% for TT, 48% for TC and 5% for CC and allele fre-
quencies were as 0.70 for T allele and 0.30 for C allele
(Ashenhurst et al., 2012). Data obtained from an Ira-
nian population showed that the frequencies of T and
C alleles were 0.30 and 0.70, respectively and genotype
frequencies were detected as 15% for TT, 30% for TC
and 55% for CC (Albonaim et al., 2017). In the current
study, the frequency of the polymorphic C allele was
0.40 in the Turkish population, which was similar with
White-American population whereas it was reported
to be very high in Iranian population as 0.70 (Ashen-
hurst et al., 2012; Albonaim et al., 2017). The results of
the present study were in accordance with the ones
obtained from White-Americans as both ethnicities
belong to Caucasian ethnicity.

As a first study, genotype and allele frequencies
were obtained from a small Turkish population. With
the help of developed PCR-RFLP assays in the cur-
rent study, more information could be gathered for
these two polymorphisms in the future with the larger
sample size in Turkish population and other nation-
wide studies.

CONCLUSIONS

In conclusion, novel and low-cost PCR-assays to
genotype rs963549 and rs997917 SNPs of OPRK1 gene



806 ÖZKAN-KOTILOĞLU
were developed. The validity and accuracy check of
the developed methods were also done. To our knowl-
edge, the current study is the first one documenting
genotype and allele frequencies of rs963549 and
rs997917 in the Turkish population. The developed
genotyping assays and determined allele frequencies
could be considered as useful contributions to the lit-
erature and future studies. These novel assays may be
preferred in the studies investigating biological basis of
other diseases related to neuroscience.
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