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Abstract. Introduction. 

Purpose. The purpose of 
the study was to establish the allele and genotype frequencies of the following polymorphic 

Bulgarian participants and to compare them to these in other European populations. Materials 
and Methods.

Results. The obtained 

Conclusion. The established genotypic and allelic frequencies of 

equilibrium and correspond to these in other European populations.
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INTRODUCTION

hromboembolism is a major cause of morbid-
ity and mortality because of myocardial in-

used to both prevent and treat patients with throm-
bosis are the indirect anticoagulants such as aceno-
coumarol.

-

implicated in this variability are  and  
-

fecting the drug’s pharmacokinetics and pharma-

consistently demonstrated the impact of  
and  variants on acenocoumarol dosing. 

 variants are associated with 
both hypersensitivity and resistance to acenocou-

-
ing these genetic factors predicted individual dosing 

that explained nearly 50% of the variability in thera-
 and 

 polymorphisms alongside clinical factors 

-

proportion of patients achieving target INR levels 
-

additional polymorphisms associated with aceno-

implications for genetic testing in anticoagulant 

 

dosing algorithms when considering a wider array of 

into clinical practice could enhance the precision of 

improve therapeutic outcomes across diverse patient 

acenocoumarol therapy in Bulgaria is currently based 
on the measurement of prothrombin time monthly 

-
pliance. It is necessary to establish and implement 
methodologies that enable the optimization of aceno-

and insure that the individual response to treatment 
for each patient be accurately determined and the re-
sults obtained do not change over time. It is also es-

acenocoumarol maintenance dose requirement and 
response to treatment.

may lead to the slower or more rapid metabolization 
-

-

-

inactivation of biologically active molecules with bio-

-
gardless the presence of appropriate concentra-
tions of an active compound at the target site of ap-
plication.

MATERIALS AND METHODS

Our study included 155 unrelated controls from dif-
ferent regions of Bulgaria selected from DNA bio-

-

peripheral venous blood samples using Chemag-

analysis of selected polymorphisms *2;  
*3; *2A; *2B; *3 

and *4 was performed by High Resolution 

frequencies of various genotypes were calculated 

-
formed consent to participate in the study. All partici-
pants were over 18 years of age. 
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Table 1. Baseline characteristics of population control 
group

Indicator Value±SD/number (%)
Age (in years) 36 12
Sex (male)  4 3
BMI (kg/m2) 2 66 4 1
Total cholesterol (mmol/l) 4 4
Triglicerides (mmol/l) 3 6
LDL (mmol/l) 3 1
HDL (mmol/l) 1 62 4

OPTIMISATION AND VALIDATION OF DNA METHODS 
FOR ANALYSIS OF PHARMACOGENETIC POLYMORPHIC 

VARIANTS IN CYP2C9 AND VKORC1 GENES

 
gene (

 (

-
ing technology of double-stranded DNA structure under 
constant increase of temperature at regular time inter-

-

-

Optimization of the PCR reaction conditions ensured 
-
-

-
-

conditions of ampliphication were selected for all the 

Tabl  2.   
and  genes

Polymorphic variant Primers Length of fragment (b.p.) T of hybridization (0C)

CYP2C9 2  1 99          3
          3 2 60

CYP2C9  1 A C  1 91         3
          3 210 60

VKORC1 1 9G A 992 2 1         3
          3 2 0 60

VKORC1 11 C  99         3
          3 234

VKORC1 G A  29        3
         3 263

VKORC1 9 G  2        3
          3 20 6

VKORC1 9 C  1 2        3
         3 2 1 66

Tabl  3.  and  genes

Polymorphic 
variant ID Chr: Position Position Replace-

ment
Protein re-
placement

Type of 
change

T of hybrid-
ization ( )

Time of ampli-
cation (sec.)

CYP2C9*2 1 3 10 4 422 0 Exon 3 C>T 144C missense 60 1 1 20
CYP2C9*3 s10 10 10 4 12 6 Exon A>C so3 e missense 60 1 1 20

VKORC1*2A s 23231 16 310 636 T
promotor G>A - - 60 1 1 20

VKORC1*2A rs 3443 16 310 3 intron 1 C>T - - 1 1 20
VKORC1*2B rs2 4 3 16 310 4233 intron 1 A>C - - 6 1 1 20
VKORC1*3 rs 2 4 16 310 1000 3 T C>T - - 1 1 20
VKORC1*4 rs1 0 4 2 16 3110 3 3 intron 1 G>A - - 66 1 1 20
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DISTRIBUTIONS OF THE STUDIED POLYMORPHIC 
VARIANTS IN CYP2C9 AND VKORC1 GENES  

N E BULGARIAN POPULATION

polymorphic variants in the  and  
genes in the group of healthy individuals (popu-

those expected according to the Hardy–Weinberg 

and genotype frequencies in Bulgarians with those 

phase of the 1000 genomes project.

A   B 

C   D 
 ( B  C  

D  

Fig. 1. Normalized melting graphs of selected polymorphic variants

Table 4. Allele and genotype frequencies of the studied polymorphic variants in the  gene in a group of popula-
tion controls of Bulgarian origin

Total n=144 n=148

Variant
CYP2C9*2
rs1 3

633C>T

CYP2C9*3
rs10 10
4 63 A>C

Genotype

CC 110 6 3 AA 136 1
C 34 23 61 AC 12 11

0 0 00 CC 0 0 00

Allele
C 2 4 1 A 2 4 

34 11 1 C 12 4 0
H E 2.58 0.26
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Tabl. 5. Allele and genotype frequencies of the studied polymorphic variants in the  gene in a group of popula-
tion controls of Bulgarian origin

Total n=154 n=154 n=140 n=141 n=134

Variant
VKORC1*2A
rs 3443

63 C>T

VKORC1*2A
rs 23231

3 G>A

VKORC1*2B
rs2 4 3

23T>G

VKORC1*3 
rs 2 4

6G>A

VKORC1*4
rs1 0 4 2

24C>T

Genotype

CC 0 32 4 GG 0 32 4 GG 16 11 43 GG  41 04 CC   64 3

C  4 0 GA  4 0 G 62 44 2 GA 6  4 23 C 43 32 0

2  1 3 AA 2  1 3 62 44 2 AA 14 3 4 2

Allele
C 1  6 2 G 1   6 2 G 4 33 G 1 6 6 6 C 21  0

133 43 1 A 133 43 1 1 6 66 43 A 6  34 04 1 1 03
H E 0.01 0.01 0.01 0.77 1.51

Table 6.  Comparison of allele and genotype frequencies for polymorphic variant 
of population controls of Bulgarian origin with results obtained for other ethnic groups

Total n=154 n=246 n=181 n=286 n=85 n=97 n=379 n=93 n=89 n=14 n=89 n=55 n=98
VKORC1*2A
rs9934438
g.6399C>T

BG AFR AMR ASN CEU CHB EUR FIN GBR IBS JPT PUR TSI

CC 0 
32 4

21  
00

6 
30 0

0 
0 00

31 
36 0

0 
0 00

13  
36 40

43 
46 20

32 
36 00

4 
2 60

0 
0 00

16 
2 10

2  
2 60

C  
4 0

26 
11 00

1 
0 30

4  
16 00

34 
40 00

 
30

1  
4 00

3  
41 0

4  
10

 
64 30

1  
21 30

2  
4 10

4  
4 00

2  
1 3

3 
1 00

34 
1 0

23  
4 00

20 
23 0

 
0 0

63 
16 60

11 
11 0

 
00

1 
10

0 
0

12 
21 0

23 
23 0

C 1  
6 2

460 
4 00

203 
6 10

4  
00

6 
6 0

 
4 60

4 4 
0

12  
6 20

113 
63 0

1  
60 0

1  
10 0

 
3 60

103 
2 60

133
43 1 32 00 1  

43 0
2  

2 00
4 

43 0
1  

40
304 

40 10
61 

32 0
6  

36 0
11 

3 30
1  

30
1 

46 40
3 

4 40

P value - <0,0001 0.88 <.0001 1 <.0001 0.39 0.02 0.15 0.84 <.0001 0.64 0.40

Table 7. Comparison of allele and genotype frequencies for polymorphic variant 
of population controls of Bulgarian origin with results obtained for other ethnic groups

Total n=134 n=247 n=181 n=286 n=85 n=97 n=379 n=93 n=79 n=14 n=89 n=55 n=98
VKORC1*2B
rs2884737
g.5723T>G

BG AFR AMR ASN CEU CHB EUR FIN GBR IBS JPT PUR TSI

GG 16 
11 43

3
1 20

12
6 60

0
0 00

 
10 60

0
0 00

2  
6 60

3
3 20

3
3 40

1
10

0
0 00

 
16 40 20

G 62 
44 2

4
1 60

4 
2 0

2
0 0

2  
34 10

2
2 10

141 
3 20

2  
31 20

34 
3 20

6 
42 0

0
0 00

21 
3 20

43 
43 0

62 
44 2

23  
20

11  
63 0

2 4 
30

4  
30

 
0

213 
6 20

61 
6 60

2 
40

 
0 00

 
100 00

2  
4 0

46 
46 0

G 4 
33

10 
2 00

 
21 0

2
0 30

4  
2 60

2
1 00

1 1 
2 20

3  
1 0

40 
22 0

 
2 60

0
0 00

3  
3 0

61 
31 10

1 6 
66 43

4 2 
00

2 4 
0

0 
0

123 
2 40

1 2 
00

6  
4 0

1 1 
1 20

13  
0

20 
1 40

1  
100 00

1 
64 0

13  
6 0

P value - <0.0001 <0.001 <0.0001 0.21 <0.0001 0.007 <0.001 0.01 0.68 <0.0001 0.81 0.62
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Table 8. Comparison of allele and genotype frequencies for polymorphic variant 
population controls of Bulgarian origin with results obtained for other ethnic groups

Total n=140 n=246 n=181 n=286 n=85 n=97 n=379 n=93 n=89 n=14 n=89 n=55 n=98
VKORC1*3 
rs7294
g.8956G>A

BG AFR AMR ASN CEU CHB EUR FIN GBR IBS JPT PUR TSI

GG  
41 04

6
2 20 42 0

23
3 60

40
4 10 0 0

1 3
40 40

3  
3 60

32 
36 00

3
21 40

0
0

2
0 0

43
43 0

GA 6  
4 23

122
4 60

1
44 0

4
16 40

3
44 0  30

1 3
4 30

40 
43 00

4
3 0

10
1 40

1
21 30

1
34 0

4  
4 00

AA 14 
3 23 20

23
12 0

0
 0 00  20

0
 0 00

43 
11 30

1
1 40 10 10

1
 10

0
 0 00 14 0  20

G 1 6 
6 6

2 6
2 00

23
64 0

2  
1 0

11
6 40

1  
40

4
64 0

110 
10

112
62 0

16
10

1
30 6 20

133
6 0

A 6 
34 04

236
4 00

12
3 10

4
 20

2
30 60 4 60

26
3 0

6
40 0

66
3 10

12
42 0

1  
10 0

3  
31 0

63
32 10

P  value - <0.001 0.51 <0.0001 0.47 <0.0001 0.66 0.14 0.55 0.41 <0.0001 0.72 0.69

Table 9. Comparison of allele and genotype frequencies for polymorphic variant 
population controls of Bulgarian origin with results obtained for other ethnic groups

Total n=141 n=246 n=181 n=286 n=85 n=97 n=379 n=93 n=89 n=14 n=89 n=55 n=98

VKORC1*4
rs17708472
c.5924C>T

BG AFR AMR ASN CEU CHB EUR FIN GBR IBS JPT PUR TSI

CC  
64 3

221 
0

126 
6 60

2 6 
100 00

4  
2 0

 
100 00

22  
0

3 
00

1 
30

11 
60

 
100 00

3  
0 0

6  
6 40

C 43 
32 0

2  
10 20

2 
2 0 0 0 00 3

43 0 0 0 00 12  
34 00

31 
33 30

31 
34 0

3 
 21 40

0  
0 00

1  
2 30

2  
2 60

4 2 0 0 00 3 1 0 0 0 00 3 3 0 0 0 00 23 
6 10  0  0 0 0 00 0  

0 00 1 1 0 4 4 10

C 21  
0

46  
4 0

304 
4 00 0 0 00 12  

4 0 0 0 00 3 
6 0

13  
3 0

133 
4 0

2  
30

0  
0 00

3 
4 0

161 
2 10

1 
1 03

2  
10

 
16 00

2 
100 00

43 
2 30

1 4 
100 00

1  
23 10

4  
26 30

4  
2 30

3 
10 0

1  
100 00

1  
1 0

3  
1 0

P value - <0.0001 0.34 <0.0001 0.12 <0.0001 0.20 0.07 0.13 0.32 <0.0001 0.46 0.81

Table 10. Comparison of allele and genotype frequencies for polymorphic variant 
population controls of Bulgarian origin with results obtained for other ethnic groups

Total n=144 n=246 n=281 n=286 n=85 n=97 n=379 n=93 n=89 n=14 n=89 n=55 n=98
CYP2C9*2
rs1799853
g.8633C>T

BG AFR AMR ASN CEU CHB EUR FIN GBR IBS JPT PUR TSI

CC 110 
6 3

23  
6 30

13  
0

2 4 
30

6  
6 0 100 0

2 4 
60

6 
1 0

4 
3 10

10 
1 4

 
100 0

3  
6 30

6  
0 40

C 34 
23 61

 
3 0

43 
23 0

2 
0 60

16 
1 1

0 
0 00

 
20 30

1  
1 30

14 
1 0

4
2 60

0 
0 00

1  
30 0

26 
26 0

0
 0 00

0 
0 00

1 
0 60

0 
0 00

4
4 0

0 
0 00

 
2 10

0 
0 00

1 
1 10

0 
0 00

0 
0 00

1
 1 0

3 
3 10

C 2 4 
1

4 3 
20

31  
60

0 
0

146 
0

1 4
100 0

66  
0

16  
0 0

162 
1 00

24 
0

1  
100 0

1 
2 0

164 
3 0

34 
11 1

 
1 0

  4  
12 40

2
 0 30

24 
14 10

0 
0 00

3 
12 30

1  
10

16 
00

4 
14 30

0
 0 00

1  
1 30

32 
16 30

P value - <.0001 0.81 <.0001 0.56 <.001 0.92 0.45 0.36 0.76 <.0001 0.19 0.18
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between the distributions of the studied polymorphic 
variants in the Bulgarian population and those in Eu-
ropeans. 

DISCUSSION

selected polymorphic variants in the  and 

reported polymorphisms are located within genes 
whose protein products are involved in the metabo-
lism of the indirect anticoagulant acenocoumarol. 

-
vate that is widely used for both primary and second-

-
placement and cardiac arrhythmia in many European 

are its narrow therapeutic range and the large inter-
individual variability in the treatment response. Many 

-
-

ment is the only laboratory test used for monitoring 

-

-

It is well established that polymorphic variants in the 
 (vi-

 gene encodes 

(
 gene encodes an 

enzyme of the cytochrome P450 group (cytochrome 

are responsible for over 30% of individual variation in 
acenocoumarol dosage. Other important contributing 

-
tial drug interactions such as concomitant administra-
tion of amiodarone and other drugs that may increase 

existence of 
 genotypes are associated with an 

 
and  genotypes is associated with 

Table 11. Comparison of allele and genotype frequencies for polymorphic variant 
population controls of Bulgarian origin with results obtained for other ethnic groups

Total n=148 n=246 n=181 n=286 n=85 n=97 n=379 n=93 n=89 n=14 n=89 n=55 n=98

CYP2C9*3

rs1057910

g.47639A>C

BG AFR AMR ASN CEU CHB EUR FIN GBR IBS JPT PUR TSI

AA
136 

1
243 

0
160 

40
264 
2 30

6 
40

 
1 0

333 
0

2 
20

 
0

11 
60

 
0

1 
2 0

 
6 0

AC
12 

11

3 

1 20
21 

11 60
21 
30

 
10 60  20 46 

12 10
11 

11 0
10 

11 20
3 

21 40 4 4 0 4 30 13 
13 30

CC
0 

0 00

0 

0 00
0 0 00 1 0 30 0 0 00 0 0 00 0 0 00 0 0 00 0 0 00 0 0 00 0 0 00 0 0 00 0 0 00

A
2 4 4  

40
341 
4 20

4  
6 00

161 
4 0

1 6 
0

12 
3 0

1  
4 10

16  
4 40

2  
30

1 4 
0

106 
6 40

1 3 
3 40

C
12 

4 0

3 

0 60
21 

0
23 

4 00  30  4 10 46 
6 10

11 
0

10 
60

3 
10 0 4 2 20 4 3 60 13 

6 60

P value - 0.002 0.37 1 0.64 1 0.25 0.38 0.50 0.13 0.31 1 0.21

Legend: AFR AMR ASN EUR BG CHB
JPT CEU TSI
FIN GBR IBS PUR – Puerto Ricans from Puerto Rico
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an increased risk of thrombosis due to their impact 
-

maintaining hemostasis.

*2 and *3 alleles are linked to reduced 

sensitivity and increased risk of bleeding or thrombo-
 gen-

can lead to inadequate anticoagulation and a higher 
risk of thrombotic events. Studies show that patients 
with  and *3 genotypes 

-
gest that careful monitoring and individualized dos-

for personalized medicine in anticoagulation therapy.

 gene is localized on chromosome 10 

9 exons translated into a protein of 490 amino acids 

than 30 non-synonymous polymorphic variants have 

*1 

are 

variants are localized in the coding region of the 
gene and result in an amino acid substitution in the 

polymorphisms in this gene resulting in decreased 
(

molecular target for the actions of indirect anticoagu-
-

is a milestone in the elucidation of the pharmacoge-

genetic variants of  gene are associated 

and increased sensitivity to coumarin anticoagulants. 
Several studies have elucidated the impact of these 
variants and the response to acenocoumarol drug 

gene promoter is associated with a low dose require-

Carriers of the polymorphic allele for this marker re-
-

coagulant dose needed to achieve target INR in the 
-
-

these polymorphisms with respect to optimal antico-

 were detected in link-
-
-

has become the polymorphic variant with the most 
importance in terms of pharmacogenetic response to 

-
tivity was found to be associated with the carrying of 

In addition to the polymorphic variant in the promoter 
region of the 

to determining the maintenance dose of warfarin and 
acenocoumarol. It was also found that haplotypes of 
the  gene were associated with high varia-
tion in the required dose of anticoagulants. In previ-

-

higher doses of medication compared to wild-type 

In the study of Velizarova el al. the calculated frequen-
cy of *2 allele 

allelic frequencies were in Hardy-Weinberg equilibri-
 genotype 

results demonstrated good agreement with the re-
sults obtained in other studies conducted in the Cau-

*2 and *3 vari-
ants in our study were similar to those reported by 
Saraeva et al. in 2007 [

of studied polymorphic variants in  and 
 genes varied from 0.931 for *3 to 

0.109 for *2 indicating common “wild type” 
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~50% for each allele of 

 polymorphism that indicates balancing se-

determine the frequency of the polymorphisms in the 
 genes in healthy in-

*2 were the alleles found 
by Sanger sequencing in the 107 subjects included in 

-
-

-

(

-
erogeneity between allele frequencies of countries 

-
quency of -
erably lower than in its neighboring countries Bulgar-

*3 allele in 
Bulgarian was reported as 7.5%. Reduced  
activity is most prevalent in South Europe and the 

-

CONCLUSION

polymorphic variants in  gene (

 gene (

the allele and genotype frequencies of the polymor-
phisms that were reported in this study and those 
published for other European populations.  

study for the genetic analysis of allelic variants in 
the  and -

resolution DNA melting is a methodology that has 

been applied in laboratory and clinical practice over 
the last few years. 
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