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Cystic fibrosis (CF) is the most common severe autosomal recessive disorder caused by a wide spectrum of 

mutations in the gene encoding for the cystic fibrosis transmembrane conductance regulator (CFTR) protein. The 

frequencies, types and distributions of mutations vary widely between different populations and ethnic groups. 

The aim of this study was to perform a comprehensive analysis of the CFTR gene in an Iranian heterogeneous 

population. 20 CF patients diagnosed according to clinical evaluation and elevated sweat chloride value and 

presenting no common CFTR mutation, were analyzed for mutations and polymorphisms in exons 7, 20 and 21 

and parts of introns 6, 7, 19, 20 and 21 of CFTR gene using PCR-sequencing. Sequencing of exon 7 revealed the 

presence of two variations c.864G>A (rs766189605) and c.910C>T (rs121909011) with the frequencies of 10% 

and 2.5%, respectively. c.864G>A is a synonymous variant that happens in amino acid valine 318 (GTG/GTA) 

and c.910C>T is a pathogenic missense variant that occurs at amino acid 334 (R334W) of CFTR protein leading 

to the change of arginine to tryptophan. Two variations c.3780A>G (rs1800130) and c.3783+117T>G 

(rs10155917) were also found in exon 20 and intron 20 with the frequencies of 7.5% and 5%, respectively. No 

mutation or polymorphism was found in exon 21. Ascertainment of CFTR mutation carrier frequencies and CF 

incidence among heterogeneous Iranian populations seems to be a necessity. 
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ystic fibrosis is the most common severe 

autosomal recessive disorder affecting 1 in 

2500 newborns among Caucasians (1, 2) though its 

frequency may vary in specific groups (3). The 

major clinical characteristics of CF are pancreatic 

insufficiency and progressive lung disease, caused 

C 
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by thick and dehydrated airway mucus frequently 

infected with bacteria like pseudomonas and 

staphylococcus leading to respiratory failure and CF 

mortality (4, 5). Other CF characteristics include 

males infertility due to congenital bilateral absence 

of the vas deferens, bile duct obstruction, high sweat 

chloride, intestinal obstruction, nasal polyp 

formation, liver disease and diabetes (1, 2, 6). The 

gene responsible for the disease is cystic fibrosis 

transmembrane conductance regulator (CFTR) that 

comprises 27 coding exons spanning over 250 kb on  

 chromosome 7q31.2 that encode a protein with 

1480 amino acids and acts as ATP-binding cassette 

(ABC) chloride transporter channel in apical 

membrane of exocrine epithelial cells (7). Although 

over 2000 sequence variations (mutations and 

polymorphisms) have been characterized along the 

entire CFTR gene (http://www .genet.sickkids 

.on.ca/cftr/), the frequencies, types and distributions 

of mutations vary widely between different 

populations (8, 9). The most common CFTR gene 

mutation, F508del (c.1521-1523delCTT) is found in 

nearly 70% of CF chromosomes worldwide. 

However, its frequency varies greatly among 

different ethnic groups. The prevalence of this 

mutation in Europe shows decreasing gradient from 

northwest to southeast (10-15) and its frequencies in 

Arab (16, 17), Turkish (18), Indian (19) and Iranian 

(20, 21) populations varies between 13% and 44%. 

Four mutations (p.G542X, p.N1303K, p.G551D and 

p.W1282X) have overall frequencies greater than 

1% (12) and all the other mutations are mostly rare. 

Direct mutation analysis in Iranian populations with 

high heterogeneity of CFTR mutations is not easy 

and previous reports of Iranian CFTR mutations 

showed a different pattern and distribution of CFTR 

mutations from Caucasians (22). In this study the 

exon 7 which encodes for the transmembrane 

domain and exons 20 and 21 of CFTR protein which 

encode for the topological domain that corresponds 

to the subcellular compartment where each non-

membrane region of a membrane-spanning protein 

is found, were investigated in patients who were 

previously screened by sequencing and reverse dot 

blot (RDB) assay for common mutations present in 

Caucasians (23).  

Primer 
Sequence 

5'      3' 

Amplicon size 

(bp) 

E7F 

E7R 

ACTACAAGCAAAACACTGGT 

ACCATTTGCAACCTCTGGCC 
969  

E20F 

E20R 

 

CATTGGTCAGGATTGAAAGTG 

CAATTCCACTACCTCATGATTC 
720 

E21F 

E21R 

GAATGATACAAAGCAGACATGA 

GAAGTATGCTCTCACGAGACA 
769  

 Table 1. Demographic characteristics of studied population 

 Figure 1. c.864G>A (rs766189605) variation in exon 7 of CFTR. a: normal sequence; b: heterozygous sequence with rs766189605 variant. 
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Patients 

In this study, 20 CF patients diagnosed based 

on clinical evaluation and elevated sweat chloride 

value (> 60 mEq/L) were investigated. The age of 

patients were between six months and fourteen 

years. All patients were from the north of Iran and 

were referred by the pediatric hospital of Babol 

University of Medical Sciences. All patients’ 

parents gave their informed consent to participate in 

this study which was approved by the ethical 

committee of Babol university of medical sciences.  

Molecular analyzes 

Genomic DNA was prepared from peripheral 

blood leukocytes using alkaline lysis method. DNA 

was amplified using specific primers for exons 7, 20 

and 21 (Table 1). PCR was carried out in 50 µl 

reaction volume using approximately 250 µM 

dNTPs, 2 mM MgCl2, 200 nM each forward and 

reverse primers and 1.5 units Taq DNA polymerase. 

Thermo-cycling conditions for amplification of 

these exons were 94 ˚C for 4 min followed by 35 

cycles of 94 ˚C for 1 min, 59 ˚C for 30 s and 72 ˚C 

for 45 s with a final extension at 72 ˚C for 7 min. 

PCR products were detected on 2% agarose gel after 

 Figure 2. c.910C>T (rs121909011) variation in exon 7 of CFTR. a: normal sequence; b: heterozygous sequence with rs121909011 variant. 

 

 Figure 3. Position of different variants and mutations in CFTR protein. c.864G>A (V318V) and c.910C>T (R334W) variations are located 
in TM5 and TM6 of membrane spanning domain 1 (MSD1) in CFTR protein and c.3780A>G (P1290P) is located in cytoplasmic domain of 

C terminal region of CFTR protein.  

 

Materials and methods 
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electrophoresis under UV illumination and then 

amplicons were analyzed by direct sequencing 

(ABI-Genetic Analyzer 3730, Macrogen, Big Dye).  

PCR products of exons 7, 20 and 21 were 

analyzed for the presence of mutations or 

polymorphisms in 20 patients from the north of Iran. 

Sequencing of exon 7 revealed the presence of two 

variations c.864G>A (rs766189605) and c.910C>T 

(rs121909011) with the frequencies of 10% and 

2.5%, respectively (figures 1 and 2). c.864G>A is a 

synonymous variant that happens in amino acid 

valine 318 (GTG/GTA), and c.910C>T is a 

pathogenic missense variant that occurs at amino 

acid 334 of CFTR protein leading to the change of 

arginine to tryptophan (CTC/TTC). Figure 3 shows 

the sequence of transmembrane domain 5 and 6 in 

membrane spanning domain 1 (MSD1) of CFTR 

protein where c.864G>A and c.910C>A variations 

occur, respectively. Screening of the samples for 

mutations or polymorphisms detection in the 

genomic region spanning the exon 20 revealed two 

variations, c.3780A>G (rs1800130) and 

c.3783+117T>G (rs10155917) in exon 20 and intron 

20, respectively (figures 4 and 5). c.3780A>G is a 

synonymous mutation which occurs in amino acid 

proline 1290 (CCA/CCG) in the cytoplasmic 

domain of the C terminal part of CFTR protein 

(figure 3). This silent mutation was observed with 

the frequency of 7.5% in the studied patients. The 

frequency of c.3783+117T>G variation in intron 20 

was 5%. No mutation or  polymorphism  was found  

found in exon 21.  

There are a few reports of spectrum, frequency 

and distribution of CFTR mutations among the 

Iranian CF patients (21-28) and the overall 

distribution of CFTR mutations in Iranian 

populations differ from the neighboring populations 

(8). It was commonly believed that CF incidence in 

Iranian populations was low, but investigations in 

the recent decade revealed relatively high incidence 

Results 

 
 

 Figure 4. c.3780A>G (rs1800130) variation in exon 20 of CFTR. a: normal sequence; b: heterozygous sequence with rs1800130 variant. 

 Figure 5. c.3783+117T>G (rs10155917) variation in intron 20 of CFTR. a: normal sequence; b: heterozygous sequence with rs10155917 

variant. 

Discussion 
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of this disease in Iranian populations. In the present 

study we analyzed exons 7, 20 and 21 and parts of 

introns 6, 7, 19, 20 and 21 based on PCR sequencing. 

We have detected one mutation and three 

polymorphisms in northern Iranian CF patients. All 

of these variations were encountered in 

heterozygous state. c.910C>T (R334W) mutation is 

a pathogenic mutation which causes the substitution 

of arginine to tryptophan amino acid in CFTR 

protein. Tryptophan is a relatively huge amino acid 

and if settles on a protein instead of another amino 

acid, it can induce a major alteration in protein 

structure. The worldwide frequency of this mutation 

is 1% but its frequency in this sample of northern 

Iranian population which was screened negative for 

common CFTR mutations was 2.5%. In this study, 

three previously reported polymorphisms 

(rs766189605G>A, rs1800130 A>G and rs101559 

17T>G) in exons 7 and 20 and intron 20, respe-

ctively were also detected. For rs766189605G>A in 

exon 7 we found that the A allele had a frequency of 

10%. The worldwide frequency of this 

polymorphism is very rare about 0.000824%. The 

frequency of rs1800130A>G polymorphism in exon 

20 was 7.5% in the present study, but its frequency 

was reported 3% in a previous study in Iranian 

population (21). Allele G shows 4% frequency in 

northern and western European ancestry, 13% in 

African ancestry in southwest USA and a frequency 

of 2%, 7%, 1% and 2% in Italy, Mexican ancestry, 

Chinese and Indian populations, respectively 

(Ensembl variation-Data description). The 

rs10155917T>G in intron 20 have shown 5% 

frequency in the present study and its frequency in 

African ancestry in southwest USA, Mexican, 

Italian and Chinese populations is 9%, 3%, 2% and 

1%, respectively (Ensembl variation-Data 

description). This and other studies demonstrated 

that the Iranian population is highly heterogeneous 

and CFTR alleles are highly polymorphic and are 

distinguished by different frequency of polymorphic 

alleles compared to other populations. The present 

study has some limitations, particularly regarding 

the sample size and lack of molecular analysis of 

healthy subjects. Investigation of larger number of 

CF patients and availability of mutations panel 

covering a large number of alleles can facilitate 

phenotype prediction in prenatal diagnosis or 

newborn screening programs.  
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