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Abstract: The mutations in the CFTR gene found in patients with cystic fibrosis (CF) have 

geographic differences, but there are scant data on their prevalence in Venezuelan patients. 

This study determined the frequency of common CFTR gene mutations in a group of Venezu-

elan patients with CF. The 27 exons of the CFTR gene from 110 Venezuelan patients in the 

National CF Program were amplified and sequenced. A total of 36 different mutations were 

identified, seven with frequencies greater than 1%: p.Phe508del (27.27%), p.Gly542* (3.18%), 

c.2988+1G.A (3.18%), p.Arg334Trp (1.36%), p.Arg1162* (1.36%), c.1-8G.C (1.36%), and 

p.[Gly628Arg;Ser1235Arg](1.36). In 40% of patients, all with a clinical diagnosis of CF, no 

mutations were found. This report represents the largest cohort of Venezuelan patients with CF 

ever examined, and includes a wider mutation panel than has been previously studied in this 

population. Mutations common in Southern European populations predominate, and several 

new mutations were discovered, but no mutations were found in 40% of the cohort.

Keywords: c.49_50dupTT, c.3963+1G.A, p.Asp373Asn, p.Glu815*, p.Asn900Lys, p.Trp277*

Introduction
Cystic fibrosis (CF; OMIM number: 219700) is a severe autosomal recessive disorder 

caused by alterations in the CF transmembrane conductance regulator (CFTR; OMIM 

number: 602421), and more than 1,400 different mutations have been reported in the 

CFTR gene in the patients with CF.1 The CFTR gene is located at chromosomal region 

7q31.2, and is composed of 27 exons2 that span approximately 190 kb of genomic 

DNA,3,4 encoding a protein of 1,480 amino acids.5 Mutations in the CFTR gene result 

in elevated sweat chloride concentrations and pathological features of variable severity 

affecting the lungs and pancreas, among other symptoms.6 The incidence of CF varies 

across the globe. In the European Union, one in 2,000–3,000 newborns is found to be 

affected by the CF. Venezuela reports a lower detection rate of 50%.7

Similar to other Latin American countries, the ethnic composition of the Venezuelan 

population is highly heterogeneous. In our initial screening of the cohort of Venezu-

elan patients with CF, we examined exons 7, 10, 11, 19, 20, and 21, which contain 

the most common CFTR mutations in Latin America. In that preliminary study, the 

CFTR mutations were found in only 46.67% of the Venezuelan individuals studied 

suggesting that it would be necessary to do a more complete analysis of the CFTR 

gene in this population.8

In order to characterize the complete spectrum of the CF-causing mutations in 

Venezuelan patients, we present a molecular analysis of the 27 exons of the CFTR 
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gene in 110 unrelated Venezuelan individuals with the clinical 

diagnosis of CF who belong to the National CF Program. This 

information could be used for implementing a diagnostic 

method that could rapidly identify a large percentage of 

patients with CF in the Venezuelan population.

Patients and methods
Patients and sampling
From 2011 to 2013, we recruited 110 patients from an equal 

number of unrelated families registered in the National 

CF Program of the Ministry of Health of Venezuela. The 

patients came from different regions of the country and 

received care at two pediatric reference centers. This group 

represents approximately one-third of all patients with CF 

followed by these references centers. The National CF Pro-

gram incorporates patients who meet the program’s diag-

nostic criteria of classic signs and symptoms of the disease 

and have corroborative laboratory results.9 Most of these 

patients lack molecular confirmation of the disease, due 

to the lack of routine molecular diagnostic analysis of the 

CFTR gene. Detailed questionnaires, including clinical and 

family history, were obtained from each participating family. 

Bioethics Committee of the Venezuelan Institute for Scientific 

Research approved the study and written informed consent 

was obtained from all participating families.

Molecular analysis
A peripheral blood sample was collected from each patient, 

from which genomic DNA was extracted using the QIAamp 

DNA Mini Kit (QIAGEN). Amplification of 27 complete 

CFTR exon and intron junctions, where splicing or frameshift 

mutations are present, were performed using CFTR-specific 

primers previously described for CFTR analysis,2,10 based on 

NCBI Reference Sequence: NM_000492.3. The amplicons 

were sequenced on a ABI-3130XL Genetic Analyzer (Thermo 

Fisher Scientific, Waltham, MA, USA). The Devyser CFTR 

Core (Devyser) kit was used on DNA from 44 patients for 

whom no mutations were identified by sequencing.

The sequences were analyzed with the Sequencing Analy-

sis V 5.3.1, SeqScape software V 2.5, and GeneMapper V.3.1 

programs (Thermo Fisher Scientific). Allele and genotype 

frequencies were determined by direct counting.

Results
All of the patients in the study were part of the National 

Program for CF. Seven families had more than one sibling 

with the CF: six cases had two affected siblings and one case 

had three affected siblings. We included only one case per 

family for the statistical analysis, which resulted in 220 alleles 

derived from 110 patients. The cohort was comprised of 

37 females (33.63%) and 73 males (66.36%) with ages rang-

ing from 2 months to 30 years old. Sixty of these patients 

were at least third-generation Venezuelan (54.54%) and 

50 patients (45.45%) were either foreign born or children of 

parents who were not born Venezuelan.

Mutation analysis
Forty-three different mutant genotypes were found in 

110 patients, which are shown in Table 1. In 52/110 

patients (47.27%) two mutations were identified, while in 

14/110 patients (12.72%) only one mutation was detected. 

Eighteen patients (16.36%) were homozygotes for 

p.Phe508del, one patient (0.91%) was a homozygote for 

p.Glu815*, one patient (0.91%) was a homozygote for the 

allele complex p.[Gly628Arg;Ser1235Arg], and one patient 

(0.91%) was a homozygote for p.Gly542*. Forty-six patients 

were compound heterozygotes: 14 patients (12.72%) had a 

wild type allele, 20 patients (18.18%) had one p.Phe508del 

allele and another mutated allele, and eleven patients 

(10.00%) had two alleles different than p.Phe508del. In the 

remaining 44 patients (40%), we failed to detect any CFTR 

mutation in the exon–intron study.

The allelic frequency obtained in this study is shown in 

Table 2, which also shows the frequencies of the mutations 

reported for all 27 exons and exon–intron junction exam-

ined both in Latin America and the rest of the world. The 

p.Phe508del mutation had the highest prevalence, and another 

seven mutations had frequencies greater than 1% (c.1-8-

G.C, p.Arg334Trp, p.Gly542*, p.[Gly628Arg;Ser1235Arg], 

p.Arg1162*, and c.2988+1G.A). Twenty-five additional 

CF-causing mutations and two complex alleles had not been 

previously reported in the Venezuelan population, they are 

shaded in the Table 2.

In this study, the frequency of the p.Phe508de variant 

is lower than has been reported in most populations; seven 

of the mutations found with lower frequency had not been 

previously reported in Latin America, and are not present in 

the databases used as reference.1,2,11–13

The sequence variations found were reported using 

classical nomenclature; intron 6a: IVS6aGATT(6) 18.6%, 

IVS6aGATT(7) 45.9%, c.743+40A.G 1.36%; intron 

6b: c.869+11G.A 29%; exon 14a: c.2562T.G 0.45%; exon 

15: c.2898G.A 0.9%; exon 20: c.3870A.G 3.2%; intron 21: 

c.3963+27G.A 0.45%, and exon 24: c. 4389G.A 11%.
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Table 1 Genotype frequency of mutations found for the CFTR 
gene studied

Allele 1 Allele 2 Frequency (%)

p.Arg1162Leu WT 0.91
p.Arg74Trp WT 0.91
p.Asn900Lys WT 0.91
p.Asp373Asn WT 0.91
p.Gly542* WT 0.91
p.Pro205Ser WT 0.91
p.Trp1282* WT 0.91
p.Tyr1014Cys WT 0.91
c.2988+1G.A p.Arg1162* 0.91

c.489+1G.T c.2988+1G.A 0.91
c.49_50dupTT p.Arg1162* 0.91
c.2051_2052delAAinsG c.2988+1G.A 0.91
p.Gly542* p.Glu1308* 0.91
p.Arg792* c.3963+1G.A 0.91
p.Glu815* p.Glu815* 0.91
p.Gly542* p.Gly542* 0.91
p.Gly542* p.Arg1162* 0.91
p.Gly542* c.2988+1G.A 0.91
p.Phe508del c.1116+1G.A 0.91
p.Phe508del c.274-1G.A 0.91
p.Phe508del c.579+1G.T 0.91
p.Phe508del p.Arg334Trp 0.91
p.Phe508del p.Gly85Glu 0.91
p.Phe508del p.Tyr569Cys 0.91
p.Phe508del p.Arg1066Cys 0.91
p.Phe508del p.Gly542* 0.91
p.Phe508del c.2988+1G.A 0.91
p.Phe508del p.Leu558Ser 0.91
p.Phe508del p.Ser549Arg 0.91
p.Phe508del p.Arg1066Cys 0.91
p.Phe508del p.Arg1158* 0.91
p.Phe508del p.Pro205Ser 0.91
p.Phe508del p.Trp277* 0.91
p.[Phe508del;Ile1027Thr] WT 0.91
c.946delT p.[Gly628Arg;Ser1235Arg] 0.91
p.[Gly628Arg;Ser1235Arg] p.[Gly628Arg;Ser1235Arg] 0.91
c.1-8G.C p.[Phe508del;Arg553*] 0.91

c.1-8G.C WT 1.82
p.Arg334Trp c.2988+1G.A 1.82
p.Phe508del p.Asn1303Lys 1.82
p.Phe508del p.Tyr109Cys 1.82
p.Phe508del WT 2.73
p.Phe508del p.Phe508del 16.36
WT WT 40.00
Total 100.00

Note: Variants are described as recommended by the Human Genome Variation 
Society.16

Abbreviation: WT, wild type (no mutation was found).
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Novel genetic variants
At present, we have identified a total of eight novel genetic 

variants: two sequence variations (c.4242+58C.A [46.4]% 

in intron 23 and c.489+91A.C [4.5%] in intron 4); six CF-

causing mutations (four missense mutations – p.Trp277* 

p.Asp373Asn, p.Glu815*, and p.Asn900Lys); one mRNA 

splicing defect (c.3963+1G.A); and one frameshift muta-

tion (c.49_50dupTT).

c.49_50dupTT: (record ClinVar accession number: 
000047170)
The frameshift mutation c.49_50dupTT in exon 1 is caused by 

the duplication of two Ts after nucleotide position 49. It was 

found in a third-generation Venezuelan female patient carrying 

the p.Arg1162* mutation on the other chromosome. The patient 

had respiratory and gastric symptomatology from birth, and she 

had one positive sweat chloride test (124 mmol/L). The patient’s 

phenotype suggests that she has severe mutations in both CF 

alleles. Because of the clinical findings, the c.49_50dupTT 

mutation was classified a CF- causing mutation.

c.3963+1G.A: (record ClinVar accession number: 
000149421)
The mRNA splicing defect 3963+1G.A in intron 21 is caused 

by the transition of G to A at first nucleotide position. It was 

found in a third-generation Venezuelan female patient carrying 

the p.Arg792* mutation on the other chromosome. Her clinical 

diagnosis is CF, and she had two positive sweat chloride tests (122 

and 120 mmol/L). Because c.3963+1G.T variant are described 

causes a mRNA splicing defect,12 we consider the c.3963+1G.A 

variant potentially cause mRNA splicing defect. The addition of 

the clinical findings suggest that the c.3963+1G.A mutation 

can be classified causing a CF mutation.

p.Trp277*: (record ClinVar accession number: 
000149425)
The p.Trp277* mutation was caused by the transition of G 

to A at nucleotide position c.830 in exon 6b. It changes a 

tryptophan to a stop codon at amino acid 277 of the protein. 

This mutation was found in a third-generation Venezuelan 

male patient carrying the p.Phe508del mutation on the other 

chromosome. The patient has respiratory symptomatology 

that appeared for the first time at the age of 3 months. He had 

two positive sweat chloride tests (115 and 100 mmol/L).

p.Asp373Asn: (record ClinVar accession number: 
000149423)
The p.Asp373Asn mutation was caused by the transition of 

G to A at nucleotide position c.1117 in exon 8. It changes 

an asparagine to an aspartic acid at amino acid position 373 

of the protein. This mutation was found in a third-generation 

Venezuelan male patient carrying no mutation on the other 
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Table 2 Allelic frequency of mutations found for the CFTR gene studied

HGVS mutation nomenclature This study Pérez et al11 CFGAC17

(n=220) (%) (n=4,102) (%) (n=43,849) (%)

Genomic level DNA level Protein level Venezuela Latin America Common 
mutation

NC.000007.14 WT WT 45.91 37.21 22.7
117559592_117559594del CTT c.1521_1523delCTT p.Phe508del 27.27 46.7 66
117606754G.A c.2988+1G.A – 3.18 0.28 /
1176587778G.T c.1624G.T p.Gly542* 3.18 5.00 2.40
117480087G.C c.1-8G.C – 1.36 / /
117540230C.T c.1000C.T p.Arg334Trp 1.36 0.9 0.1
117592049G.A;117627758T.G c.[1882G.A;3705T.G] p.[Gly628Arg;Ser1235Arg] 1.36 / /
117627537C.T c.3484C.T p.Arg1162* 1.36 1 0.3
117652877C.G c.3909C.G p.Asn1303Lys 0.91 1.65 1.30
117592610G.T# c.2443G.T p.Glu815* 0.91 / /
117530951A.G c.326A.G p.Tyr109Cys 0.91 / /
117540347G.A c.1116+1G.A – 0.45 / /
117530898G.A c.274-1G.A – 0.45 0.07 /
117531115G.T c.489+1G.T – 0.45 0.16 0.70
117534366G.T c.579+1G.T – 0.45 0.05 0.10
117540178delT c.948delT – 0.45 0.02 0.10
117480143_117480144dupTT# c.49_50dupTT – 0.45 / /
117592218_117592219delAAinsG c.2051_2052delAAinsG – 0.45 0.14 /
117652932G.A# c. 3963+1G.A – 0.45 / /
117611637C.T c.3196C.T p.Arg1066Cys 0.45 0.14 /
117627525C.T c.3472C.T p.Arg1158* 0.45 / /
117627538G.T c.3485G.T p.Arg1162Leu 0.45 / /
1175509089C.T c.220C.T p.Arg74Trp 0.45 / /
117592541C.T c.2374C.T p.Arg792* 0.45 / /
117603574T.A# c.2700T.A p.Asn900Lys 0.45 / /
117542016G.A# c.1117G.A p.Asp373Asn 0.45 / /
117652890G.T c.3922G.T p.Glu1308* 0.45 / /
117509123G.A c.254G.A p.Gly85Glu 0.45 0.73 0.20
117559592_117559594delCTT;  
117610610T.C

c.[1521_1523delCTT; 
3080T.C]

p.[Phe508del; 
Ile1027Thr]

0.45 / /

117587827T.C c.1673T.C p.Leu558Ser 0.45 0.02 /
117535281C.T c.613C.T p.Pro205Ser 0.45 / /
117587801T.G c.1647T.G p.Ser549Arg 0.45 0.1 /
117642566G.A c.3846G.A p.Trp1282* 0.45 1.13 1.20
117536634G.A# c.830G.A p.Trp277* 0.45 / /
117610571A.G c.3041A.G p.Tyr1014Cys 0.45 / /
117590379A.G c.1706A.G p.Tyr569Cys 0.45 / /

117587811C.T;  
117559592_117559594del CTT

c.[1657C.T;1521_1523 
delCTT]

p.[Arg553*;Phe508del] 0.45 / /

Notes: Data from previous studies.11,17 #Indicates new reported genetics variants, first reported in this study. Variants are described as recommended by the Human Genome 
Variation Society.16

Abbreviations: _, no change at the protein level; /, not reported; CFGAC, Cystic Fibrosis Genetic Analysis Consortium; HGVS, Human Genome Variation Society;  
WT, wild type.
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chromosome. The patient has respiratory and gastric symp-

tomatology that appeared for the first time at the age of 

2 months. He had two borderline sweat chloride tests (55 and 

45 mmol/L).

p.Glu815*: (record ClinVar accession number: 
000149424)
The p.Glu815* mutation was caused by the transver-

sion of G to T at nucleotide position c.2443 in exon 

13. It changes a glutamic acid to a stop codon at amino 

acid 815 of the protein. This mutation was found to be 

homozygotic in a third-generation Venezuelan male 

patient. The patient has respiratory and gastric symp-

tomatology that appeared for the first time at the age of 

6 months, and he had two positive sweat chloride tests 

(111 and 108 mmol/L). Because of the clinical findings, 

the p.Glu815* mutation was classified as a CF-causing 

mutation.
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Table 3 Allelic frequency found for intron 8

Alelles Frequency (%) Exon

p.Asn1303Lys 1 21
p.Glu815* 1 13
p.Tyr109Cys 1 4
c.1-8G.C 1.4 1
p.Arg334Trp 1.4 7
p.[Gly628Arg;Ser1235Arg] 1.4 13/20
p.Arg1162* 1.4 19
c.2988+1G.A 3 16
p.Gly542* 3 11
p.Phe508del 27 10
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p.Asn900Lys: (record Clinvar accession number: 
000149422)
The p.Asn900Lys mutation was caused by the transver-

sion of T to A at nucleotide position c.2700 in exon 15. 

It changes an asparagine to a lysine at amino acid 900 of 

the protein. This mutation was found in a third-generation 

Venezuelan female patient carrying the wild type allele on 

the other chromosome. The patient has a confused phenotype 

with late onset of disease (11 years old), but has a low-body 

weight. She has had two borderline sweat chloride tests 

(40 and 39 mmol/L).

Analysis of Intron 8
The lengths of the dinucleotide (T: thymidine- G: guanine)n 

and mononucleotide (T)n repeats, both located at the intron8/

exon9 splice acceptor site of the CFTR gene, have been 

shown to influence the skipping of exon 9 in the CFTR 

mRNA.14 Seventeen genotypes in the analysis of intron 8 

were found in the 110 patients. Of these, 42/110 patients 

(38.2%) were homozygotic while 68/110 patients (61.8%) 

were heterozygotic. The intron 8 allelic frequencies obtained 

in this study are shown in Table 3.

Discussion
This study examined a larger cohort of Venezuelan patients 

with CF and included a more comprehensive mutation 

panel – 27 complete CFTR gene exons and exon–intron 

junctions – than has been previously reported. As in most 

countries studied, the allele p.Phe508del was the most com-

mon mutation detected in our patients (27.27%). Similar 

to other studies from Latin America, as reported in the 

CF Mutation Database,1 we found relatively low detection 

rates and high allelic heterogeneity compared to studies in 

Europe. The heterogeneity is likely explained by the complex 

ethnic composition of the Venezuelan population that has 

evolved from an unequal admixture of Caucasian–Spanish, 

Amerindian, and African origins (58.8%, 28.5%, and 12.6%, 

respectively of the genetic pool).15

This study defined the most common CF mutations in the 

Venezuelan population, but we wished to determine whether 

the frequency of particular mutations is different in native 

Venezuelan compared to recent immigrants. We performed 

an additional analysis – non-metrics multidimensional 

scaling – based on the genetic distance between individuals 

according to their origin, comparing patients from third-

generation Venezuelan families to those from families 

recently immigrated to Venezuela, but this classification 

analysis showed no differences associated with familial 

origin (data not shown). The mutation panel shown in Table 

3 lists the most common mutations in Venezuelan patients, 

which we recommend should be included in the design of 

any detection system for the molecular diagnosis of the CF 

in Venezuela.

It is important to note that the mutations reported 

here for the first time were found in third-generation 

Venezuelan patients, and may be native to the Venezuelan 

population.

We were unable to detect the CF-causing mutations in 

46.6% of the patients analyzed (Table 1). This percentage 

does not change when the variation IVS8 (T: thymidine- G: 

guanine)n (T)n is analyzed in these patients, despite the fact 

that the criteria for clinical diagnosis of all patients were the 

same. We believe these results to be robust for the follow-

ing reasons: the cohort included in this study constitutes 

approximately a third of all patients currently registered in 

the National CF Program; the results were obtained using 

an automated sequencing method that allows high sensitiv-

ity and resolution in the detection of mutations; and the 

absence of mutations were confirmed with a commercial 

primer-specific kit. There are two possibilities that might 

explain the high percentage of individuals without the CFTR 

mutations: 1) The patients for whom no mutations were found 

could have other genetic alterations, such as macro-deletions 

or chromosomal rearrangements, which are not detectable 

by the Sanger-sequencing method that we employed. This 

could be resolved with the use of next-generation sequencing 

technology in future studies. 2) The patients for whom no 

mutations were found could be misdiagnosed the patients 

with CF, who do not really have CF. This possibility suggests 

that it may be necessary to revise the criteria for the clinical 

diagnosis of the CF in Venezuela, and to create a national 

reference center for the molecular diagnosis of the CF.

In either case, both new and complex alleles found 

in this study widen our knowledge of the CF causing 
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mutations in general, and their inclusion in future molecular 

diagnostic screens in Venezuelan patients with CF will 

allow a more complete analysis, which should improve 

clinic diagnostic confirmation, carrier analysis, and genetic 

counseling, and can also guide the development of a cost-

effective newborn screening program.
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