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Purpose: Cystic fibrosis (CF) is one of the most common monogenic diseases with an 
autosomal recessive inheritance. Carrier screening leads to a reduction in the number of 
children born with CF disease. The aim of this study was to develop the custom panel for the 
diagnosis of heterozygous carriage of polymorphic variants in the CFTR gene and to 
establish their allelic frequencies (AF) in one of the Russian regions where ethnic 
Russians predominate.
Patients and Methods: The diagnostic panel was designed on the basis of data from the 
register of CF patients in Russia for 2017 and validated on 22 blood samples of patients with 
previously genetically established CF. The study participants (n=642) for CF variants 
estimation were randomly selected from the population-based cohort study ESSE-Vologda. 
Genotypes were determined by real-time PCR on the QuantStudio 12K Flex Real-Time PCR 
System. Data processing was performed using the TaqMan Genotyper Software.
Results: The proposed diagnostic panel allowed simultaneous analysis of 60 variants of the 
CFTR gene. A total of 23 carriers of the following variants were identified among 642 
participants: F508del (rs113993960) with a frequency of 2.02%, L138ins (rs397508686) and 
394delTT (rs121908769) – 0.47%, CFTRdele2.3 (c.54–5940_273+10250del21080; p. 
S18Rfs*16) – 0.31%, R117H (rs78655421), and G542X (rs113993959) – 0.16%. The 
frequency of heterozygotes in the Russian population was 3.58% or 1:28 (CI95%: 2.28–-
5.33% by Clopper–Pearson exact method).
Conclusion: High frequency of heterozygous CFTR variants carriers and availability of 
highly productive diagnostic panel for detection of CFTR variants suggest the prospect of 
carrier screening for some common CF variants among Russian population.
Keywords: cystic fibrosis, CFTR, genetic analysis, carrier screening, carrier testing

Introduction
Cystic fibrosis (CF) is one of the most common life-threatening monogenic diseases 
with an autosomal recessive inheritance that affects different organ systems, mostly 
the lungs and pancreas. In CF patients viscous secretions accumulate in the airways, 
causing pathological changes and destruction of lung tissue. In the ducts of the 
pancreas, an increased viscosity of secrets results in organ damage which leads to 
nutrient deficiency. CF is the cause of early mortality for most untreated patients.1

CF symptoms arise as a result of homozygosity or compound heterozygosity of 
mutant alleles in the gene of cystic fibrosis transmembrane conductance regulator 
(CFTR), which is located on the long arm of the seventh chromosome, has a size of 
about 189 Kb and includes 27 exons.2 It was shown that the carriers of one mutant 
allele had significantly increased risk for 57 CF-related conditions.3 According to 
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the Cystic Fibrosis Mutation Database, more than 2090 
mutations of the CFTR gene are found, 360 of them are 
CF-causing.4 According to their effect on CFTR, these 
mutations are divided into six classes. The usage of the 
proposed classification by Marson et al, 2016 helps in 
determining the CFTR defect: the first class IA (no 
mRNA), IB (no protein), II (no traffic), III (impaired 
gating), IV (decreased conductance), V (less protein), 
and VI (less stable).5

The introduction of screening programs and the crea-
tion of national registers in many countries improve our 
knowledge of CF epidemiology, diagnostics, and clinical 
progression. Thus, thanks to the mandatory neonatal 
screening program for CF in 2006 among newborns in 
Russia, millions of newborns were screened to exclude 
this disease. It was found that the average frequency of 
this disease among newborns in Russia is 1:10,250 
(0.009%).6 Moreover, CF frequency in various regions of 
Russia varies from 1:2500 to 1:17,000 (0.04–0.005%).6

Neonatal screening promotes early diagnosis and early 
treatment but does not reduce the number of CF patients in 
the population. Considering the psychosocial and eco-
nomic burden of CF, carrier screening seems more promis-
ing for resolving the problems associated with CF. Carrier 
screening for CF resulted in a reduction of 50–75% of live 
births with CF in some countries.7 Carrier screening before 
pregnancy in Russia is not common.

An increase in the number of genetic tests for CF in 
Russia and the creation of the national registry of CF 
patients8 allowed obtaining data on the spectrum of var-
iants in the CFTR gene in Russia. Data on the frequency of 
variants associated with CF based on a population study in 
Russia are not available.

The aim of our study was to develop the custom panel 
for CF carrier screening and to estimate allelic frequency 
(AF) of CFTR variants in the Russian population to predict 
the potential effectiveness of CF carrier screening in 
Russia.

Materials and Methods
Population-Based Cohort Sampling
The study included subjects from the Epidemiology of 
Cardiovascular Risk Factors and Diseases in Regions of 
the Russian Federation Study (ESSE-RF).9 The ESSE-RF 
is a multicenter population-based study, conducted in 
2012–2013, covering 13 regions of Russia. The multi- 
stage clustered samples of about 2000 people, aged 

25–64, from every region, were obtained using Kish 
methods.10 Blood samples of all individuals were stored 
at −70°C in the biobank of the National Medical Research 
Center for Therapy and Preventive Medicine. The study 
was approved by the Independent Ethic Committee of the 
National Medical Research Center for Therapy and 
Preventive Medicine and was conducted according to the 
principles expressed in the Declaration of Helsinki. 
Informed written consent was obtained from all 
participants.

Our study included participants from ESSE-RF, con-
ducted in the Vologda region of North-West Federal 
District of Russia (ESSE-Vologda). A total of 642 out of 
1642 participants from ESSE-Vologda were randomly 
selected for the study (44% were men), and the average 
age was 44±11 years old. The Vologda region was chosen 
as a typical region dominated by people of Russian 
nationality.11

DNA extraction was performed from blood samples 
using QIAamp® DNA Blood Mini Kit (Qiagen, Hilden, 
Germany). DNA concentration was measured on 
NanoDrop OneC Spectrophotometer (Thermo Fisher 
Scientific, Waltham, MA, USA).

CF Sampling
Twenty-two DNA samples of CF patients, used for the 
panel validation, were obtained in the framework of coop-
eration between biobanks of the National Medical 
Research Center for Therapy and Preventive Medicine 
and the Research Centre for Medical Genetics (Moscow, 
Russia).

Real-Time PCR
The genetic diagnostic panel was developed on the basis 
of QuantStudio 12K Flex Real-Time PCR System 
(Thermo Fisher Scientific, Waltham, MA, USA). The reac-
tion mixture consisted of a DNA sample with 2 × TaqMan 
OpenArray Real-Time PCR Master Mix (Thermo Fisher 
Scientific, Waltham, MA, USA) and was loaded onto the 
OpenArray plates using QuantStudio 12K Flex AccuFill 
system (Thermo Fisher Scientific, Waltham, MA, USA). 
The plates were coated with immersion liquid and loaded 
into QuantStudio 12K Flex Real-Time PCR System for 
amplification according to the manufacturer’s standard 
protocol. Data analysis was performed using the TaqMan 
Genotyper Software package, version 1.4.0 (Thermo 
Fisher Scientific, Waltham, MA, USA).
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Sanger Verification
The validation of Real-time PCR data was done in the 
selected samples by Sanger sequencing of the PCR pro-
ducts. The PCR products were sequenced using ABI 
PRISM BigDye Terminator v3.1 reagent kit (Thermo 
Fisher Scientific, Waltham, MA, USA) and then analysed 
on DNA sequencer Applied Biosystem 3500 DNA 
Analyzer (Thermo Fisher Scientific, Waltham, MA, 
USA) according to the manufacturer’s protocol.

Statistical Analysis
The frequency of heterozygotes (HF) and the AF were 
worked out as a percentage for all participants and all 
alleles, accordingly. The confidence interval was calcu-
lated using the Clopper–Pearson exact method.

Results
Variants included in our custom panel were selected 
according to the data published in the CF register of 
Russia,8 as well as the data on the frequencies of hetero-
zygous carriage among the Russian samples.12,13 Thus, 60 
variants with the highest frequencies were selected 
(Supplementary Table 1).

The average accuracy of genotyping - the call rate 
using QuantStudio 12K Flex Real-Time PCR system was 
93.5%. The reproducibility of the genotyping results was 
evaluated on two OpenArray plates on different days by 
different researchers. As a result, the call rate of one plate 
was 93%, of the second – 99%. The reproducibility of the 
results by parallels was 90%. These data can be explained 
by three samples with a low call rate on one of the plates. 
After filtering samples with a call rate of less than 90%, 
the call rate was 97.92% and 99.29%, correspondingly. 
The reproducibility of the results by parallels after quality 
filtering was 98%.

The panel validation on 22 CF patients revealed that 13 
samples were compound heterozygotes, one sample had 
a homozygous variant F508del (rs113993960), and one – 
L138ins (rs397508686). Only one heterozygous CFTR var-
iant was identified for five samples. The presence of CFTR 
variants was not detected for two samples. A total of 19 
mutant alleles were detected, among them the most frequent 
were the following variants: F508del (rs113993960) was 
found in one sample in homozygous state and in 11 samples 
in heterozygous state; L138ins (rs397508686) – in one 
sample in homozygous state and in one sample in hetero-
zygous state; 2143delT (rs121908812) and E92K 

(rs121908751) – in heterozygous state in two samples 
each; 3944delG (rs397508612), S1196X (rs121908763), 
621 + 1G> T (rs78756941), 712–1G> T (rs121908793), 
1248 + 1G (rs397508158), S1159F (rs397508573), 
3667ins4 (rs387906378), G542X (rs113993959), N1303K 
(rs80034486), S466X (c.1397C> G) (rs121908805), 2789 + 
5G190280 (rs121908783), 3849 + 10kbC> T (rs75039782), 
and 2183AA> G (rs121908799) – in heterozygous state in 
one sample each (Table 1). Thus, the custom panel valida-
tion on CF patients detected that mutant alleles were iden-
tified in 79.5% of cases (with fully established CF-mutant 
genotypes – 68.2%), at least one mutant allele was identi-
fied in 90.9% of the cases. The most frequent were: F508del 
(rs113993960) – 29.5%, L138ins (rs397508686) – 6.8%, 
2143delT (rs121908812) and E92K (rs121908751) – 4.5%.

Twenty-three heterozygous carriers of CFTR variants 
were identified among 642 participants. The HF was 3.58% 
(CI95%: 2.28–5.33%) or 1:28. In total, six mutant alleles 
were found: F508del (rs113993960) with a frequency of 
2.02%, L138ins (rs397508686) – 0.47%, 394delTT 
(rs121908769) – 0.47%, CFTRdele2.3 (c.54–5940_273 
+10250del21080; p.S18Rfs*16) – 0.31%, R117H 

Table 1 Results of the Custom Panel Validation on Russian CF 
Patients (N=22)

Patient ID Genotypes

1 rs113993960/rs397508612

2 rs113993960/NA
3 rs121908751/rs78756941

4 NA/NA

5 rs121908793/NA
6 rs113993960/rs397508158

7 rs397508573/NA

8 rs121908812/rs75961395
9 rs113993960/rs387906378

10 rs113993959/NA

11 rs113993960/rs113993960
12 rs113993960/rs80034486

13 rs113993960/rs121908751

14 rs397508686/rs397508686
15 rs113993960/rs121908805

16 rs121908812/NA

17 rs113993960/rs80224560
18 rs113993960/rs121909011

19 NA/NA

20 rs113993960/rs121908783
21 rs113993960/rs75039782

22 rs397508686/rs121908799
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(rs78655421)– 0.16% and G542X (rs113993959) – 0.16% 
(Table 2).

DNA sequencing by Sanger was used for validation of 
the results. Sanger sequencing was performed on 1–3 of 
heterozygous samples identified using the custom panel, as 
well as the wild-type homozygous samples as controls. 
The genotypes for six CFTR variants were confirmed 
(Figure 1). The proportion of confirmed results was 70%.

Although the genotype analysis with two assays 
C__64676246_10 for genotyping rs74767530 and 
C___656878C_30 for rs77932196 on QuantStudio 12K 
Flex Real-Time PCR System using the TaqMan 
Genotyper Software (Thermo Fisher Scientific, Waltham, 
MA, USA) detected some heterozygous samples and one 
mutant homozygous sample, they were not verified by 
Sanger sequencing (Figure 2). In this case, we decided 
not to include these assays in the future redesign of our 
custom panel. The proportion of confirmed results by 
Sanger sequencing without them was 91%.

Discussion
In our study using the custom panel for detecting 60 CFTR 
variants among 642 participants from the population-based 
cohort study, ESSE-Vologda was identified 23 CF carriers, 
among them 13 carriers had F508del, 3 – L138ins, 3 – 
394delTT, 2 – CFTRdele2.3, 1 – R117H, and 1 – G542X. 
In total, 6 mutant alleles were found, 5 of them are among 
the 15 most common variants found in Russian CF 
patients.8 The detection efficiency of carriers using this 
custom panel was 80.94%, which was calculated as a sum 
of disease allele frequencies (DAF) for variants included 
in the custom panel among CF patients according to the 
Russian CF register.8 The HF was 3.58% (1:28), expected 
disease frequency was 0.032%.

Our results can be compared to the results of other 
studies in Russia. In the study based on the results of 
whole-exome sequencing of 372 individuals selected 
from different research and clinical projects the HF was 
2.96% for people living in the North-West region of 
Russia, the disease frequency was 0.022.15 In the study 
based on 1000 Russian blood donors genotyped for the 24 
most common CFTR variants the HF was 2.9%.12 In the 
study of 922 samples from various regions of Russia tested 
for 19 variants it was 2.82%.13 It is important to note that 
our study is the only population-based study evaluating the 
frequency of variants associated with CF in Russia, and 
therefore indicates a greater accuracy of the AF 
assessment.

For all 6 CFTR variants, the AF calculated in our 
study was higher than the AF for European (Non- 
Finnish) population according to EXAC, except for 
R117H that can be due to its low penetrance. The higher 
AF could possibly be explained by the northern location 
of the Vologda region. The AF of F508del, 394delTT, 
and R117H variants are likely higher in northern 
Europe.16-–18

Among other cohorts in the world, the following 
results were obtained. In the Italian population during 
screening for 47 variants, overall HF in the general 
population (57,999 subjects) was 3.23% (1:31).19 In the 
United States, a panel containing 23 variants was recom-
mended for carriers screening by American College of 
Medical Genetics and Genomics and American College 
of Obstetricians and Gynecologists. The detection effi-
ciency of carriers screening using this panel ranged from 
43% to 88% in different ethnic groups.20 Among 
Caucasian individuals (757,198 participants) the HF was 
1:29.20 To increase the level of detection based on this 
panel, two panels were created containing 32 and 69 
variants. The HF among Caucasians was 1:28 (438,026 
participants) and 1:27 (16,242 participants), 
respectively.21 CF carrier screening in Australia using 
a panel with 38 variants identified 342 CF carriers 
among 12,000 participants, the HF was 2.91%.22 

Studies conducted earlier in Russia aimed at identifying 
carriers of mutant alleles among a healthy population 
included either the determination of one variant 
(F508del)23,24 or from 7 to 24 variants.12,13,25 

Percentage of variants included in our custom panel that 
are present in above-mentioned studies is 
71.7%.12,13,19–22

The F508del (rs113993960) variant is the most com-
mon among CF-causing in the European population.21,26 

According to the data of the Russian CF patients register, 
the DAF of this variant is 52.81%.8 In our study 13 
participants were identified as heterozygous for this var-
iant, the HF was 2% (56.52% of all identified variants). 
The value obtained for the variant proportion among all 
identified variants (56.52%) corresponds to the DAF 
from the Russian CF patients register (52.81%),8 which 
confirms the data on the high penetrance of this variant, 
that tends toward 100% depending on which variant is 
combined.27,28 A slightly higher value in our study can be 
explained by the fact that not all rare variants from the 
Russian CF patients register8 were included in our cus-
tom panel. In the study by Gurina in a representative 
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sample of residents from Novosibirsk, one of the Russian 
cities, consisting of 9397 participants, 109 carriers of the 
F508del variant were identified, the HF was 1.15%.24 

Earlier it was shown that the AF of F508del in Russians 
from the European part of Russia was 0.532%.25 In other 
studies on Russian individuals, the HF was 1.5%,12 

2.25%,23 and 1.4%.13 Among different studies the similar 

results can be found: in the Italian population 42.6% of 
all detected CF carriers had F508del,19 in the United 
States among Caucasians using panels with 23 variants – 
75%,20 using panels with 32 and 69 variants – 68.69% 
and 60.49%, respectively,21 and in Australia – 80.06%.22

The CFTRdele2.3 variant is the second most common 
among Russian patients (6.21%).8 Its frequency is high in 
the countries of Central and Eastern Europe. It is sug-
gested that this variant originated from the common 
Slavic ancestral population.29 In our study, the HF of 
CFTRdele2.3 variant was 0.31%, in other studies – 
0.1%,12 0.01%,25 and 0.43%.13

The DAF of the G542X variant in Russian CF 
patients is 1.35%, in the Northwestern Federal 
District – 1.54%.8 In our study, the HF was 0.15%, in 
another study – 0.22%.13 This variant has high 
penetrance,28 but in our study, it was found only in 
one sample, so it does not seem possible to compare 
the data from our study with the data from the Russian 
CF patients register.8 The frequency of this variant is the 
third among carriers in the studies conducted in the 
United States using panels of 23 variants (the frequency 
was 1:2190),20 2.56% of all identified heterozygotes 
among Caucasians using a panel of 32 variants and 
3.17% using a panel of 62 variants21 and the fifth in 
the Italian population (4.2% of carriers).19

The DAF of the L138ins variant among Russian CF 
patients is 1.24%.8 In our study three carriers were identi-
fied (HF was 0.47%), 13.04% of all detected variants. In 
other studies, the HF was 0.33%13 and 0.1%.12

In our study, three carriers of the 394delTT variant 
were found (HF was 0.47%). This variant is one of the 
most prevalent in the Northern Europe populations.16 Its 
DAF among Russian patients is 0.94%.8 In the studies by 
Abramov et al and Archibald et al no carriers of this 
variant were identified.12,22

The R117H variant has low penetrance,27,28,30 so the DAF 
among patients from the Russian CF Register (0.04%)8 is 
lower than AF obtained in our population-based study 
(0.08%). In our study, the HF was 0.16%, in the cohort study 
by Abramov et al – 0.4%.12 One of the factors influencing low 
penetrance is the intron 8 splice acceptor.30

Our study has some limitations. Unfortunately, due to 
the technical issues, one variant (rs121908776, 
1677delTA) with DAF of more than 1% among Russian 
CF patients8 was not included in our study. In our future 
studies, we are planning to include this variant in the 
redesign of this custom panel.

Figure 1 Genotyping results and verification by Sanger sequencing of heterozygous 
carriers. (A) Genotyping results. (B) Verification by Sanger sequencing.
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Conclusion
A custom panel was developed to identify heterozygous 
carriage of CFTR gene variants. The method of genotyp-
ing using QuantStudio 12K Flex Real-Time PCR system is 
characterized by high reproducibility, speed, and has 
a relatively low cost of analysis. The proposed panel 
allows a simultaneous analysis of 60 variants of the 
CFTR gene and can be used for CF carriage screening. 
The data obtained indicate a high frequency of heterozy-
gous carriage of CFTR variants in the Russian population. 
High frequency of heterozygous CFTR variants carriers 
and availability of high efficient diagnostic panel for 
detection of 60 CFTR gene variants may contribute to 
improving CF carrier screening efficiency in Russia.

Data Sharing Statement
The datasets used and/or analyzed during the current study are 
available from the corresponding author on reasonable 
request.

Ethics Approval and Informed 
Consent
The study was approved by the Independent Ethics 
Committee of the National Medical Research Center for 
Therapy and Preventive Medicine and was conducted 

according to the principles expressed in the Declaration 
of Helsinki. A statement on ethics approval №07-03/12 
from 03.07.2012 of meetings of the Independent Ethics 
Committee of Federal State Institution «National Medical 
Research Center for Therapy and Preventive Medicine» of 
the Ministry of Healthcare of the Russian Federation.

Acknowledgment
Authors acknowledge Vladimir Kutsenko for help with 
statistical analysis.

Disclosure
The authors declare that they have no competing interests.

References
1. Cutting GR. Cystic fibrosis genetics: from molecular understanding to 

clinical application. Nat Rev Genet. 2015;16(1):45–56. doi:10.1038/ 
nrg3849

2. Ellsworth RE, Jamison DC, Touchman JW, et al. Comparative geno-
mic sequence analysis of the human and mouse cystic fibrosis trans-
membrane conductance regulator genes. Proc Natl Acad Sci U S A. 
2000;97(3):1172–1177. doi:10.1073/pnas.97.3.1172

3. Miller AC, Comellas AP, Hornick DB, et al. Cystic fibrosis carriers are 
at increased risk for a wide range of cystic fibrosis-related conditions. 
Proc Natl Acad Sci U S A. 2020;117(3):1621–16217. doi:10.1073/ 
pnas.1914912117

4. The Clinical and Functional TRanslation of CFTR (CFTR2). CFTR2 
variant list history. Available from: https://cftr2.org/mutations_history. 
Accessed August 25, 2020.

Figure 2 Genotyping results and verification by Sanger sequencing of samples using rs74767530 (assay C__64676246_10) and rs77932196 (assay C___656878C_30). 
(A) Genotyping results. (B) Verification by Sanger sequencing.

Pharmacogenomics and Personalized Medicine 2020:13                                                                submit your manuscript | www.dovepress.com                                                                                                                                                                                                                       

DovePress                                                                                                                         
685

Dovepress                                                                                                                                                         Kiseleva et al

Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.1038/nrg3849
https://doi.org/10.1038/nrg3849
https://doi.org/10.1073/pnas.97.3.1172
https://doi.org/10.1073/pnas.1914912117
https://doi.org/10.1073/pnas.1914912117
https://cftr2.org/mutations_history
http://www.dovepress.com
http://www.dovepress.com


5. Marson FA, Bertuzzo CS, Ribeiro JD. Classification of CFTR muta-
tion classes. Lancet Respir Med. 2016;4(8):e37–38. doi:10.1016/ 
S2213-2600(16)30188-6

6. Kapranov NI, Kondratyeva EI, Kashirskaya N История изучения 
муковисцидоза в России [The history of the study of cystic fibrosis 
in Russia]. Abstracts of ХIII National congress with international 
participation «Innovative achievements in diagnostics and therapy 
of cystic fibrosis», 2017; 2–9.

7. Antonarakis SE. Carrier screening for recessive disorders. Nat Rev 
Genet. 2019;20(9):549–561. doi:10.1038/s41576-019-0134-2

8. AYu V, Amelina EL, NYu K, et al. eds. Регистр Больных 
Муковисцидозом В Российской Федерации [Register of Cystic 
Fibrosis Patients in the Russian Federation. 2017 Year]. 
ID«Medpraktika-M»: 2019. 68.

9. Research Organizing Committee of the ESSE-RF project. 
Эпидемиология сердечно-сосудистых заболеваний в различных 
регионах России (ЭССЕ-РФ). Обоснование и дизайн 
исследования [Epidemiology of cardiovascular diseases in different 
regions of Russia (ESSE-RF). The rationale for and design of the 
study]. Prev Med. 2013;6:25–34.

10. Kish L. Survey Sampling. New York: John Wiley and Sons; 1965.
11. Federal state statistic service for the Vologda region. Available from: 

https://vologdastat.gks.ru/folder/31540. Accessed August 25, 2020.
12. Abramov DD, Kadochnikova VV, Yakimova EG, et al. Высокая 

частота носительства в российской популяции мутаций гена 
CFTR, ассоциированных с муковисцидозом, и мутаций гена 
PAH, ассоциированных с фенилкетонурией [High carrier fre-
quency of CFTR gene mutations associated with cystic fibrosis, and 
PAH gene mutations associated with phenylketonuria in the Russian 
population]. Bull Russ State Med Univ. 2015;4:32–35.

13. Stepanova AA, Krasovsky SA, Polyakov AV. Reliability of the search 
for 19 common mutations in the CFTR gene in Russian cystic fibrosis 
patients and the calculated frequency of the disease in Russian 
Federation. Russ J Gen. 2016;52(2):204–213. doi:10.1134/ 
S1022795416010130

14. Karczewski KJ, Francioli LC, Tiao G, et al. The mutational constraint 
spectrum quantified from variation in 141,456 humans. Nature. 
2020;581(7809):434–443.

15. Barbitoff YA, Skitchenko RK, Poleshchuk OI, et al. Whole-exome 
sequencing provides insights into monogenic disease prevalence in 
Northwest Russia. Mol Genet Genomic Med. 2019;7(11):e964. 
doi:10.1002/mgg3.964

16. Estivill X, Bancells C, Ramos C. Geographic distribution and regio-
nal origin of 272 cystic fibrosis mutations in European populations. 
Hum Mutat. 1997;10(2):135–154. doi:10.1002/(SICI)1098-1004-
(1997)10:2<135::AID-HUMU6>3.0.CO;2-J

17. Kere J, Estivill X, Chillón M, et al. Cystic fibrosis in a low-incidence 
population: two major mutations in Finland. Hum Genet. 1994;93 
(2):162–166. doi:10.1007/BF00210603

18. Strandvik B, Björck E, Fallström M, et al. Spectrum of mutations in the 
CFTR gene of patients with classical and atypical forms of cystic fibrosis 
from southwestern Sweden: identification of 12 novel mutations. Genet 
Test. 2001;5(3):235–242. doi:10.1089/10906570152742290

19. Picci L, Cameran M, Marangon O, et al. A 10-year large-scale cystic 
fibrosis carrier screening in the Italian population. J Cyst Fibros. 
2010;9(1):29–35. doi:10.1016/j.jcf.2009.10.003

20. Strom CM, Crossley B, Buller-Buerkle A, et al. Cystic fibrosis testing 8 
years on: lessons learned from carrier screening and sequencing analysis. 
Genet Med. 2011;13(2):166–172. doi:10.1097/GIM.0b013e3181fa24c4

21. Zvereff VV, Faruki H, Edwards M, Friedman KJ. Cystic fibrosis 
carrier screening in a North American population. Genet Med. 
2014;16(7):539–546. doi:10.1038/gim.2013.188

22. Archibald AD, Smith MJ, Burgess T, et al. Reproductive genetic 
carrier screening for cystic fibrosis, fragile X syndrome, and spinal 
muscular atrophy in Australia: outcomes of 12,000 tests. Genet Med. 
2018;20(5):513–523. doi:10.1038/gim.2017.134

23. Tcybakova NY, Sokolenko AP, Iyevleva AG, Suspitsin EN, 
Imyanitov EN. Анализ встречаемости повторяющихся мутаций в 
генах BRCA1, CHEK2, NBS1, CFTR, PAH и СX26 у здоровых 
жительниц Санкт-Петербурга [BRCA1, CHEK2, NBS1, CFTR, PAH 
and СX26 founder mutations in healthy female residents of 
St. Petersburg]. Rossiyskiy Biomeditsinskiy Zhurnal. 2011;12 
(4):1329–1341.

24. Gurina IV. Частота выявления мутации del f 508 гена 
муковисцидоза в популяции города Новосибирска и ее связь с 
различными видами патологии [Frequency of reveality of del F 508 
mutation of cystic fibrosis gene in Novosibirsk population and its 
relation with different pathologies]. Siberian Sci Med J. 
2006;4:141–142.

25. Petrova NV, Timkovskaya EE, Zinchenko RA, Ginter EK. Анализ 
частоты некоторых мутаций в гене CFTR в разных популяциях 
России [The analysis of CFTR mutation frequencies in different 
populations of Russia]. Med Gen. 2006;5(2):28–31.

26. Zolin A, Orenti A, Naehrlich L, et al., 2019 ECFSPR annual report; 
2017. Available from: https://www.ecfs.eu/sites/default/files/general- 
content-images/working-groups/ecfs-patient-registry/ECFSPR_ 
Report2017_v1.3.pdf. Accessed August 25, 2020.

27. Sosnay PR, Raraigh KS, Gibson RL. Molecular genetics of cystic 
fibrosis transmembrane conductance regulator: genotype and 
phenotype. Pediatr Clin North Am. 2016;63(4):585–598. 
doi:10.1016/j.pcl.2016.04.002

28. Boussaroque A, Audrézet MP, Raynal C, et al. Penetrance is a critical 
parameter for assessing the disease liability of CFTR variants. J Cyst 
Fibros. 2020. doi:10.1016/j.jcf.2020.03.019

29. Dörk T, Macek Jr M, Mekus F, et al. Characterization of a novel 21-kb 
deletion, CFTRdele2, 3 (21 kb), in the CFTR gene: a cystic fibrosis 
mutation of Slavic origin common in Central and East Europe. Hum 
Genet. 2000;106(3):259–268. doi:10.1007/s004390000246

30. Thauvin-Robinet C, Munck A, Huet F, et al. The very low penetrance of 
cystic fibrosis for the R117H mutation: a reappraisal for genetic counsel-
ling and newborn screening. J Med Genet. 2009;46(11):752–758.

Pharmacogenomics and Personalized Medicine                                                                                 Dovepress 

Publish your work in this journal 
Pharmacogenomics and Personalized Medicine is an international, 
peer-reviewed, open access journal characterizing the influence of 
genotype on pharmacology leading to the development of persona-
lized treatment programs and individualized drug selection for 
improved safety, efficacy and sustainability. This journal is indexed  

on the American Chemical Society’s Chemical Abstracts Service 
(CAS). The manuscript management system is completely online 
and includes a very quick and fair peer-review system, which is all 
easy to use. Visit http://www.dovepress.com/testimonials.php to read 
real quotes from published authors.  

Submit your manuscript here: https://www.dovepress.com/pharmacogenomics-and-personalized-medicine-journal

submit your manuscript | www.dovepress.com                                                                                                                                                                                                                    

DovePress                                                                                                                          

Pharmacogenomics and Personalized Medicine 2020:13 686

Kiseleva et al                                                                                                                                                         Dovepress

Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.1016/S2213-2600(16)30188-6
https://doi.org/10.1016/S2213-2600(16)30188-6
https://doi.org/10.1038/s41576-019-0134-2
https://vologdastat.gks.ru/folder/31540
https://doi.org/10.1134/S1022795416010130
https://doi.org/10.1134/S1022795416010130
https://doi.org/10.1002/mgg3.964
https://doi.org/10.1002/(SICI)1098-1004(1997)10:2%3C135::AID-HUMU6%3E3.0.CO;2-J
https://doi.org/10.1002/(SICI)1098-1004(1997)10:2%3C135::AID-HUMU6%3E3.0.CO;2-J
https://doi.org/10.1007/BF00210603
https://doi.org/10.1089/10906570152742290
https://doi.org/10.1016/j.jcf.2009.10.003
https://doi.org/10.1097/GIM.0b013e3181fa24c4
https://doi.org/10.1038/gim.2013.188
https://doi.org/10.1038/gim.2017.134
https://www.ecfs.eu/sites/default/files/general-content-images/working-groups/ecfs-patient-registry/ECFSPR_Report2017_v1.3.pdf
https://www.ecfs.eu/sites/default/files/general-content-images/working-groups/ecfs-patient-registry/ECFSPR_Report2017_v1.3.pdf
https://www.ecfs.eu/sites/default/files/general-content-images/working-groups/ecfs-patient-registry/ECFSPR_Report2017_v1.3.pdf
https://doi.org/10.1016/j.pcl.2016.04.002
https://doi.org/10.1016/j.jcf.2020.03.019
https://doi.org/10.1007/s004390000246
http://www.dovepress.com
http://www.dovepress.com/testimonials.php
http://www.dovepress.com
http://www.dovepress.com

	Introduction
	Materials and Methods
	Population-Based Cohort Sampling
	CF Sampling
	Real-Time PCR
	Sanger Verification
	Statistical Analysis

	Results
	Discussion
	Conclusion
	Data Sharing Statement
	Ethics Approval and Informed Consent
	Acknowledgment
	Disclosure
	References

