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ABSTRACT

Purpose: Pseudoxanthoma elasticum (PXE) is an autosomal recessive disorder of connective 
tissue, a� ecting the retina, the skin and the cardiovascular system. PXE is caused by mutations 
in ABCC6. Up to now, the literature reports that here are 180 di� erent ABCC6 mutations in 
PXE. The purpose of this paper is to report eight novel mutations in ABCC6 and to update the 
spectrum and frequency of ABCC6 mutations in PXE patients.
Methods: Eye, skin, and DNA examinations were performed using standard methodologies. 
We newly investigated the gene in 90 probands by denaturing high-performance liquid 
chromatography (dHPLC) and direct sequencing. We examined a total of 166 probands. 
Results: Eight novel ABCC6 mutations (c.1685T>C, p.Met562Thr; c.2477T>C, p.Leu826Pro; 
c.2891G>C, p.Arg964Pro; c.3207C>A, p.Tyr1069X; c.3364delT, p.Ser1122fs; c.3717T>G, 
p.Tyr1293X; c.3871G>A, p.Ala1291Thr; c.4306_4312del, p.Thr1436fs) were found in seven 
unrelated patients. Currently, our mutation detection score is at least one ABCC6 mutation in 
87% of patients with a clinical diagnosis of PXE. 
Conclusion: Our results support that ABCC6 is the most important, and probably the only, 
causative gene of PXE. In total, 188 di� erent ABCC6 mutations have now been reported in PXE 
in the literature.
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INTRODUCTION

Pseudoxanthoma elasticum (PXE; OMIM 264800) is a heritable disorder of connective tissue, 
a� ecting the skin, retina and blood vessels. The most frequent retinal abnormalities are peau 
d’orange, angioid streaks and punched-out white chorioretinal lesions, which are visible 
as white dots sometimes with a comet-like tail. Angioid streaks develop in almost all of the 
patients and often lead to choroidal neovascularisation, subretinal hemorrhages and visual 
loss. Skin abnormalities usually start at the lateral sides of the neck with yellowish papules that 
con� uence into plaques. Skin of other � exural sides of the body often follows the same course, 
and sometimes the skin abnormalities progress to redundant folds. Patients have an increased 
risk of cardiovascular complications including gastro-intestinal bleedings and arteriosclerosis. 
The expression of the disease is variable, and substantial clinical di� erences exist between 
patients, even within families [1, 2]. 
PXE is caused by mutations in a single gene, ABCC6 [3-5]. The inheritance is autosomal recessive. 
Recent clinical and molecular studies showed that putative dominant segregating PXE pedigrees 
are probably the result of mild expression in heterozygous carriers or pseudodominance due 
to an unexpected high carrier frequency in the population [6-9]. 
ABCC6 belongs to the ATP-binding cassette (ABC) gene sub-family C [10, 11]. ABCC6 has 31 
exons spanning about 73 kb genomic DNA. The mRNA is approximately 6 kb with an open 
reading frame (ORF) of 4.5 kb. The ABCC6 protein consists of 1,503 amino acids and contains 
17 transmembrane-spanning domains and two intracellular nucleotide binding folds (NBFs). 
The NBFs consist of Walker A and B domains and a C motif critical for active ATP dependent 
transport across the cell membrane [1, 12]. The putative ABCC6 protein structure is presented 
in Fig. 1. Two ABCC6 pseudogenes, homologous to the � rst four and nine exons of ABCC6, have 
been identi� ed [13, 14], complicating the mutational analysis of the gene [15].
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Fig.1.  Schematic representation of the MRP6 protein. The protein contains 17 membrane-spanning domains 
and two intracellular nucleotide binding folds (NBFs). The percentages in the � gure show how the 
mutations in our population are distributed over the di� erent domains of the protein. The eighth 
cytoplasmatic loop is the most frequently mutated domain, followed by the region between the last 
transmembrane-spanning domain and NBF2 and by NBF2 itself. Del=deletion. In addition, 1% of the 
population had a deletion of the whole gene.
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ABCC6 is highly expressed in the liver and kidney. Expression in multiple other tissues including 
those a� ected by PXE (skin, retina and vessel walls) is low or absent. The protein was localized 
to the basolateral membranes of both hepatocytes in the liver and the proximal kidney tubules. 
The natural substrate transported by the ABCC6 protein remains to be identi� ed. Functional 
studies showed that ABCC6 transports glutathione S-conjugate leukotriene C(4) and S-(2,4-
dinitrophenyl) glutathione, and the cyclopentapeptide BQ123 [16-18]. The present view is that 
ABCC6 transports substrates from the liver and kidney cells back into the blood [10, 18].
Up to now 180 di� erent mutations in ABCC6 have been reported (Appendix 1). Mutations were 
found throughout the gene, but there is a high concentration in and around the NBFs and in 
the eighth cytoplasmatic loop [7, 9, 12, 19-21]. Mutation detection rates varied from 55%-97% 
among the di� erent studies.
The purpose of this paper was to report eight novel mutations in ABCC6 and to update the 
mutation spectrum and frequency of ABCC6 mutations in PXE patients.

METHODS

DNA of all probands/families (n = 166) was collected by one of us or sent to the Netherlands 
Institute for Neuroscience, a referral center for geneticists and ophthalmologists from the 
Netherlands and other European countries, for mutational analysis of ABCC6. The patients, who 
had novel mutations, were clinically examined by one of us (A.P., B.C., H.K., A.M., P.dJ.), except 
for cases 4 and 7, and data from dermatologic, ophthalmic, and cardiovascular examination 
elsewhere were collected. The dermatologic examination consisted of inspection of the skin 
and histopathology of a skin biopsy. The ophthalmic examination included an assessment of 
visual acuity, slit-lamp examination of the anterior segment, biomicroscopy with a 90 biopter 
lens of the posterior pole of the eye fundus, indirect ophthalmoscopy of the peripheral 
retina, and digital photography of as many of the fundus signs as feasible. The cardiovascular 
examination included at least measurement of blood pressure, electrocardiography, and 
echocardiography. The clinical diagnosis of PXE was considered de� nite if at least two of the 
three following criteria were met: characteristic skin lesions at the lateral side of the neck and/
or other � exural regions of the body, fragmentation and calci� cation of elastic � bers in a skin 
biopsy, and characteristic retinal lesions (peau d’orange, angioid streaks, and/or punched-out 
white chorioretinal lesions).
DNA was isolated from peripheral blood by standard techniques. Polymerase chain reaction 
(PCR) primers, ampli� cation conditions, and mutation analysis strategy were essentially 
performed as described previously [22]. After prescreening for common mutations, all coding 
exons were screened by denaturing high-performance liquid chromatography (dHPLC). Exonic 
Fragments with changed dHPLC patterns were further analyzed by direct sequencing. The 
known deletions of exons 23-29 and exon 15 were analyzed as described [22].
The nomenclature for mutations was based on previously published recommendations 
[23] and additional guidelines as presented on http://www.genomic.unimelb.edu.au/mdi/
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mutnomen. The ABCC6 cDNA consensus sequence (GenBank AF076622) was used for DNA 
mutation description. 
When a novel mutation was found at least 140 control chromosomes were screened for this 
mutation. The controls were Caucasian individuals without eye disease or any other apparent 
disorders. When the mutation was a missense mutation, conservation of the changed amino 
acid was checked by ClustalW multiple sequence alignment comparison for ABCC6 or 
closely related proteins in Felis catus, Gallus gallus, Monodelphis domestica, Mus musculus, 
Ornythorhynchus anatinus, Otolemur garnetii, Pan troglodytes and Rattus norvegicus. An 
amino acid was considered to be conserved when it was present in multiple proteins in these 
animals. 

RESULTS

We found eight novel ABCC6 mutations (c.1685T>C, c.2477T>C, c.2891G>C, c.3207C>A, 
c.3364delT, c.3717T>G, c.3871G>A, c.4306_4312del). None of these mutations were present 
in the control chromosomes. The eight novel mutations were found in seven patients in 
whom the clinical diagnosis of PXE was unambiguously established. All had characteristic skin 
abnormalities (Fig. 2), either con� rmed by a skin biopsy or in combination with characteristic 
ophthalmologic signs or by both (Table 1). Below, we present the molecular data in detail 
together with family data where relevant.
In case 1, analysis of ABCC6 revealed two mutations, the earlier reported c.3662G>A
(p.Arg1221His) [24] and the novel c.1685T>C (p.Met562Thr) mutation. This latter missense 
mutation changes a well conserved amino acid at the � fth extracellular loop of the protein.

Table 1.  Summary of the clinical data of the patients, in whom we found novel mutations.

Case Allele1 Allele 2 Sex
Age
(yrs)

Origin
Age of
onset

Skin Biopsy Eyes CV Fam

1 c.3662G>A c.1685T>C f 28 E 16
+

(Fig.2)
+ as n neg

2 c.2787+1G>T c.2477T>C m 13 GB 10 + + n n neg
3 c.2891G>C - f 31 GB 29 + nd as n ?
4 c.3207C>A c.3871G>A m 36 NL ? + + ? ? ?
5 del exon 23-29 c.3364delT f 29 NL 29 + + pdo, as (Fig. 3) ? pos
6 c.3717T>G c.3717T>G f 25 TR 19 + + pdo, as, co mi pos
7 c.4015C>T c.4306_4312delc.4306_4312del f 43 S ? + ? as n neg

The diagnosis of pseudoxanthoma elasticum (PXE) can be made if a case has at least two of the following criteria: 
characteristic skin lesions, characteristic abnormalities in a skin biopsy, characteristic retinal lesions. Based on 
these criteria, all of our cases have a de� nite diagnosis of PXE. No genotype-phenotype correlations can be 
made in this small group. +=a� ected, as=angioid streaks, co=comet-like lesions, cv=cardiovascular, E=Spain, 
f=female, fam=family history, GB=Great Britain, m=male, mi=mitral valve insu�  ciency, n=normal, nd=not done, 
neg=negative, NL=Netherlands, pdo=peau d’orange, pos=positive, S=Sweden, TR=Turkey, yrs=years, ?=no 
information, novel mutations are bold and underlined.
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Fig. 2.    Clinical skin features of pseudoxanthoma elasticum. Mild but characteristic skin features, consisting of 
papules (as indicated by an arrow) and redundant skin folds as shown on the right side of the neck of 
case 1. In a later stage the papules can con� uence into plaques.

Fig. 3.    Clinical optical features of pseudoxanthoma elasticum. The retina of the right eye of case 5 shows 
peau d’orange (di� use, mottled hyperpigmentation) and angioid streaks, as indicated by arrows. The 
angioid streaks resemble retinal blood vessels and radiate from the optic disc to the periphery of the 
retina. These two signs are the most frequent ophthalmologic features of pseudoxanthoma elasticum.
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In case 2, we found the previously reported pathogenic sequence change, c.2787+1G>T, in 
intron 21 of ABCC6 [25, 26] and the novel mutation, c.2477T>C (p.Leu826Pro), in exon 19. This 
missense mutation is located just after NBF1 and leads to the change of a well conserved 
amino acid. 
In case 3, one missense mutation was found in ABCC6, the novel mutation c.2891G>C 
(p.Arg964Pro), which leads to the change of a well conserved amino acid between NBF1 and 
NBF2. No second mutation was found.
In case 4, we found a c.3207C>A (p.Tyr1069X) nonsense mutation as well as a c.3871G>A 
(p.Ala1291Thr) missense mutation in ABCC6. Both mutations have not been reported before. 
The former mutation theoretically results in a premature chain termination and an absent or 
dysfunctional protein. The latter mutation changes a well conserved amino acid in NBF2. 
In case 5, two mutations were found in ABCC6, the well-known deletion of exon 23-29 and the 
novel mutation, c.3364delT. The angioid streaks and peau d’orange of the retina of her right eye 
can be observed in Fig. 3. She had minimal skin abnormalities at the lateral side of her neck, 
just below the hair line, which were not noticed before. Her father also had a clinical diagnosis 
of PXE. He had peau d’orange of the retina, angioid streaks, and macular degeneration after 
subretinal neovascularization in both eyes. The dermatologist did not � nd characteristic skin 
lesions, but a skin biopsy from the left side of the neck showed clumping and calci� cation 
of elastic � bers. He had the exon 23-29 deletion. The mother of case 5 had the c.3364delT 
mutation. We did not � nd a second mutation in the father. 
Case 6 was homozygous for a novel mutation in ABCC6, c.3717T>G, leading to a stop codon at 
position 1239 of the protein (p.Tyr1239X), just before NBF2. The patient’s sister was said to be 
a� ected as well. Consanguinity between the parents was denied.
Mutational analysis of ABCC6 in case 7 revealed the earlier reported mutation, c.4015C>T 
(p.Arg1339Cys) [25], and the novel mutation, c.4306_4312del. This new mutation theoretically 
leads to a frameshift and the introduction of a stopcodon at position 1461 of the protein. 
In our entire data set, we found two causative ABCC6 mutations in 76 (46%) of 166 PXE probands 
and only a single mutation in 51 (31%) probands. In 39 (23%) probands, we did not � nd any 
mutation. PXE had been diagnosed in 19 of these patients. In the remaining 20 patients, there 
was either doubt about the diagnosis or not enough clinical data to prove the diagnosis. Thus 
at least one mutation was found in 127 (87%) of 146 probands in whom the clinical diagnosis 
was established a-priori. This means that we found mutations in 203 (69.5%) out of 292 alleles. 
The type and frequencies of the di� erent mutations found are listed in Appendix 1. Part of the 
patient and mutation data described here was published previously [19, 22].

DISCUSSION

In this study, eight novel mutations were found, which we consider to be implicated in PXE: 
c.1685T>C (p.Met562Thr), c.2477T>C (p.Leu826Pro), c.2891G>C (p.Arg964Pro), c.3207C>A 
(p.Tyr1069X), c.3364delT (p.Ser1122fs), c.3717T>G (p.Tyr1293X), c.3871G>A (p.Ala1291Thr), 
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c.4306_4312del (p.Thr1436fs). All of these mutations were not present in at least 140 control 
chromosomes, and the missense mutations lead to the change of a well conserved amino acid. 
This suggests that these mutations are pathogenic. Four novel mutations target the eighth 
cytoplasmatic loop (c.3364delT) or NBF2 (c.3717T>G, c.3871G>A and c.4306_4312del). Both 
domains are known hot spots for ABCC6 mutations. Three other new mutations (c.2477T>C, 
c.3207C>A, c.2891G>C) are located in between NBF1 and NBF2. The c.2477T>C mutation 
occurs just after NBF1 in an area targeted by three previously described mutations (c.2420G>A, 
c.2428G>A, c.2458G>C). The c.3207C>A and c.2891G>C mutations target less frequently 
mutated domains of the ABCC6 protein. The last novel mutation, c.1685T>C, is uniquely located 
at the � fth extracellular loop before NBF1. 
In our entire data set at least one ABCC6 mutation was identi� ed in 127 (77%) of 166 probands 
in which there was clinical suspicion of PXE. If we exclude the 20 patients, whose clinical 
diagnoses were questionable, we � nd at least one mutation in 87% of probands. We found 40 
di� erent mutations of which c.3421C>T (p.Arg1141X), c.3775delT, and a deletion of exons 23-
29 were most frequent. The p.Arg1141X mutation was found in 33% of alleles with a mutation, 
and the latter two mutations were found in 14% and 13% of the alleles, respectively. 
We did not � nd any mutation in 19 of the 146 (13%) probands with a clinical diagnosis of 
PXE. In 51 of 146 (35%) probands, we only found one mutation. As inheritance is autosomal 
recessive, it is to be expected that these probands have two mutations. Taken together, our 
missing rate per allele is 35%, which suggests that a considerable part of the mutations in our 
data set could not be identi� ed. 
Four studies in which the patients had clinically de� nite PXE diagnoses reported missing rates 
of 3% [7] or 17.1% [27] after sequencing, and 12.3% [20], 14% [28] or 34% [21] after denaturing 
high-performance liquid chromatography (dHPLC). It is largely unclear why mutation detection 
rates are di� erent in several studies. What are the possible explanations?
Geographic di� erences in patient populations: Most of the patients in the above mentioned 
studies were from Italy [27], Germany [20], France [28] and the United States [7, 21]. Most of our 
patients were from the Netherlands. Mutation frequencies di� er in the di� erent populations 
[12]. It is conceivable that a relatively frequent mutation in certain populations can be missed 
by the techniques used. Heterozygous deletions of (part of ) the gene and mutations in 
the promoter region and in introns can easily be missed. Thirteen French PXE patients with 
at least one unidenti� ed mutation (18 unidenti� ed alleles) after dHPLC were studied with a 
quantitative multiplex PCR of short � uorescent fragments (QMPSF) [28]. Five (novel) deletions 
were detected. This reduced the total missing rate from 14% to 10% of 130 alleles. Deletions 
can also be detected with multiplex ligation-dependent probe ampli� cation (MLPA), but both 
QMPSF and MLPA are not yet routinely used. 
Sequencing: Sequencing the gene will yield additional missense mutations, which are missed 
by dHPLC. This could at least partly explain the high detection rate of Miksch et al. [7]. 
Di� erences in patient selection: We did not have detailed clinical information of all patients and, 
as a result, there were some patients without a de� nite diagnosis of PXE. Some patients could 
have a PXE-like phenotype as can be seen in beta-thalassemia, sickle cell anemia, and peri-
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umbilical perforating PXE [1]. 
Digenic inheritance: Another, less likely, possibility is digenic inheritance in the patients without 
two mutations. The combination of one ABCC6 mutation with a mutation in another gene 
could lead to PXE. This could be di� erent for di� erent populations.
Including the mutations presented here, at least 188 di� erent ABCC6 mutations have been 
published to date in the international literature (Appendix 1). In the European populations, the 
p.Arg1141X mutation is by far the most prevalent (about 28% of alleles) while in the United 
States population, the exon 23-29 deletion occurs most frequently (also about 28% of alleles) 
[25, 29]. The mutation distribution in ABCC6 (Fig. 1) shows three mutation hot spot domains: 
The � rst and second NBF as well as the eighth cytoplasmatic loop. Indeed, the latter is truly a 
hot spot for mutations since the frequent mutations, p.Arg1141X and the exon 23-29 deletion, 
target this area. It has been suggested that the eighth cytoplasmatic loop may be involved 
in ABCC6 substrate recognition [12]. In our data set, mutations in these three domains were 
found in 71% of the alleles whit mutations. Screening of the involved exons 16-18, 24 and 27-30 
together with detection of the exon 23-29 deletion would detect 95% of all of our mutations. 
In all of our patients who had novel mutations, a diagnosis of PXE could be made clinically 
(Table 1). The group was too small to establish genotype-phenotype correlations. In the data 
set, we observed a considerable intra-and interfamiliar variation in phenotype, and we could 
not extract a genotype-phenotype relationship either. Previous reports on potential genotype-
phenotype correlations revealed variable results. Diagnosis at a signi� cantly younger age and a 
higher number of a� ected organs were found in the case of mutations that lead to an absence 
of (functional) MRP6 [30]. It was suggested that nonsense mutations were more frequently 
associated with generalized involvement [27]. However, even in an extended patient series, no 
clear genotype-phenotype correlation could be found to date [7, 19, 21, 25, 27]. Besides, there 
is marked variable expression within family members with the same genotype [19, 27, 31].
In summary, we provide further evidence that ABCC6 is the most important, and probably the 
only, causative gene implicated in PXE. We added eight new mutations to the ABCC6 mutation 
spectrum and supported the notion that most mutations are present in the cytoplasmatic 
domains at the carboxy terminal end of the protein, especially in the three putative important 
functional domains of ABCC6 (NBF1, NBF2, and the eighth cytoplasmatic loop).
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Appendix 1.   All ABCC6 mutations which are implicated in pseudoxanthoma elasticum

Mutation Protein Location Present Reference
       alteration  study n/203 
         alleles (%)

       Missense    
c.113G>C p.Trp38Ser Exon 2  [20]
c.386G>A p.Gly129Glu Exon 4  [7]
?     p.Trp218Cys Exon 6  [9]
c.676G>A p.Gly226Arg Exon 7  [12]
c.743C>T p.Leu248Phe Exon 7  [7]
c.754C>T p.Leu252Phe Exon 7  [20]
c.951C>A p.Ser317Arg Exon 8  [7]
c.1064T>G p.Leu355Arg Exon 9  [7]
c.1091C>G p.Thr364Arg Exon 9  [15]
c.1108A>G p.Asn370Asp Exon 9  [7]
c.1144C>T p.Arg382Trp Exon 9  [21]
c.1171A>G p.Arg391Gly Exon 9  [31]
c.1176G>C p.Lys392Asn Exon 9  [21]
c.1192A>G p.Ser398Gly Exon 10  [7]
c.1233T>G p.Asn411Lys Exon 10  [25]
c.1244T>C p.Val415Ala Exon 10  [20]
c.1318T>G p.Cys440Gly Exon 10  [27]
c.1363G>C p.Ala455Pro Exon 11  [26]
c.1388T>A p.Leu463His Exon 11  [21]
c.1460G>A p.Arg487Gln Exon 12 1 (0.5) [20]
c.1484T>A p.Leu495His Exon 12  [7]
c.1491C>A p.Asn497Lys Exon 12  [20]
c.1505A>T p.Lys502Met Exon 12  [12]
c.1553G>A p.Arg518Gln Exon 12  [25,26]
c.1603T>C p.Ser535Pro Exon 12  [21]
c.1652T>C p.Phe551Ser Exon 13  [7]
c.1685T>C p.Met562Thrp.Met562Thr Exon 13 1 (0.5)1 (0.5) Present studyPresent study
c.1703T>C p.Phe568Ser Exon 13  [25]
c.1781C>T p.Ala594Val Exon 14  [7]
c.1798C>T p.Arg600Gly Exon 14  [27]
c.1987G>T p.Gly663Cys Exon 16  [21]
c.2018T>C p.Leu673Pro Exon 16 1 (0.5) [25]
c.2030T>C p.Leu677Pro Exon 16  [7]
c.2093A>C p.Gln698Pro Exon 17  [21]
c.2097G>T p.Glu699Asp Exon 17 1 (0.5) [21]
c.2177T>C p.Leu726Pro Exon 17  [21]
c.2263G>A p.Gly755Arg Exon 18  [21]
c.2278C>T p.Arg760Trp Exon 18  [7]
c.2294G>A p.Arg765Gln Exon 18 4 (2) [25]
c.2297C>A p.Ala766Asp Exon 18  [31]
c.2329G>A p.Asp777Asn Exon 18  [21]
c.2342C>T p.Ala781Val Exon 18  [12]
c.2359G>T p.Val787Ile Exon 18  [21]
c.2419C>T p.Arg807Trp Exon 19  [7]
c.2420G>A p.Arg807Gln Exon 19  [7,12]
c.2428G>A p.Val810Met Exon 19  [27]
c.2432C>T p.Thr811Met Exon 19  [9]
c.2458G>C p.Ala820Pro Exon 19  [27]

Mutation Protein Location Present Reference
       alteration  study n/203 
         alleles (%)

    
c.113G>C p.Trp38Ser Exon 2  [20]
c.386G>A p.Gly129Glu Exon 4  [7]
?     p.Trp218Cys Exon 6  [9]
c.676G>A p.Gly226Arg Exon 7  [12]
c.743C>T p.Leu248Phe Exon 7  [7]
c.754C>T p.Leu252Phe Exon 7  [20]
c.951C>A p.Ser317Arg Exon 8  [7]
c.1064T>G p.Leu355Arg Exon 9  [7]
c.1091C>G p.Thr364Arg Exon 9  [15]
c.1108A>G p.Asn370Asp Exon 9  [7]
c.1144C>T p.Arg382Trp Exon 9  [21]
c.1171A>G p.Arg391Gly Exon 9  [31]
c.1176G>C p.Lys392Asn Exon 9  [21]
c.1192A>G p.Ser398Gly Exon 10  [7]
c.1233T>G p.Asn411Lys Exon 10  [25]
c.1244T>C p.Val415Ala Exon 10  [20]
c.1318T>G p.Cys440Gly Exon 10  [27]
c.1363G>C p.Ala455Pro Exon 11  [26]
c.1388T>A p.Leu463His Exon 11  [21]
c.1460G>A p.Arg487Gln Exon 12 1 (0.5) [20]
c.1484T>A p.Leu495His Exon 12  [7]
c.1491C>A p.Asn497Lys Exon 12  [20]
c.1505A>T p.Lys502Met Exon 12  [12]
c.1553G>A p.Arg518Gln Exon 12  [25,26]
c.1603T>C p.Ser535Pro Exon 12  [21]
c.1652T>C p.Phe551Ser Exon 13  [7]

c.1703T>C p.Phe568Ser Exon 13  [25]
c.1781C>T p.Ala594Val Exon 14  [7]
c.1798C>T p.Arg600Gly Exon 14  [27]
c.1987G>T p.Gly663Cys Exon 16  [21]
c.2018T>C p.Leu673Pro Exon 16 1 (0.5) [25]
c.2030T>C p.Leu677Pro Exon 16  [7]
c.2093A>C p.Gln698Pro Exon 17  [21]
c.2097G>T p.Glu699Asp Exon 17 1 (0.5) [21]
c.2177T>C p.Leu726Pro Exon 17  [21]
c.2263G>A p.Gly755Arg Exon 18  [21]
c.2278C>T p.Arg760Trp Exon 18  [7]
c.2294G>A p.Arg765Gln Exon 18 4 (2) [25]
c.2297C>A p.Ala766Asp Exon 18  [31]
c.2329G>A p.Asp777Asn Exon 18  [21]
c.2342C>T p.Ala781Val Exon 18  [12]
c.2359G>T p.Val787Ile Exon 18  [21]
c.2419C>T p.Arg807Trp Exon 19  [7]
c.2420G>A p.Arg807Gln Exon 19  [7,12]
c.2428G>A p.Val810Met Exon 19  [27]
c.2432C>T p.Thr811Met Exon 19  [9]
c.2458G>C p.Ala820Pro Exon 19  [27]

Mutation Protein Location Present Reference
       alteration  study n/203 
         alleles (%)

    
c.113G>C p.Trp38Ser Exon 2  [20]
c.386G>A p.Gly129Glu Exon 4  [7]
?     p.Trp218Cys Exon 6  [9]
c.676G>A p.Gly226Arg Exon 7  [12]
c.743C>T p.Leu248Phe Exon 7  [7]
c.754C>T p.Leu252Phe Exon 7  [20]
c.951C>A p.Ser317Arg Exon 8  [7]
c.1064T>G p.Leu355Arg Exon 9  [7]
c.1091C>G p.Thr364Arg Exon 9  [15]
c.1108A>G p.Asn370Asp Exon 9  [7]
c.1144C>T p.Arg382Trp Exon 9  [21]
c.1171A>G p.Arg391Gly Exon 9  [31]
c.1176G>C p.Lys392Asn Exon 9  [21]
c.1192A>G p.Ser398Gly Exon 10  [7]
c.1233T>G p.Asn411Lys Exon 10  [25]
c.1244T>C p.Val415Ala Exon 10  [20]
c.1318T>G p.Cys440Gly Exon 10  [27]
c.1363G>C p.Ala455Pro Exon 11  [26]
c.1388T>A p.Leu463His Exon 11  [21]
c.1460G>A p.Arg487Gln Exon 12 1 (0.5) [20]
c.1484T>A p.Leu495His Exon 12  [7]
c.1491C>A p.Asn497Lys Exon 12  [20]
c.1505A>T p.Lys502Met Exon 12  [12]
c.1553G>A p.Arg518Gln Exon 12  [25,26]
c.1603T>C p.Ser535Pro Exon 12  [21]
c.1652T>C p.Phe551Ser Exon 13  [7]

c.1703T>C p.Phe568Ser Exon 13  [25]
c.1781C>T p.Ala594Val Exon 14  [7]
c.1798C>T p.Arg600Gly Exon 14  [27]
c.1987G>T p.Gly663Cys Exon 16  [21]
c.2018T>C p.Leu673Pro Exon 16 1 (0.5) [25]
c.2030T>C p.Leu677Pro Exon 16  [7]
c.2093A>C p.Gln698Pro Exon 17  [21]
c.2097G>T p.Glu699Asp Exon 17 1 (0.5) [21]
c.2177T>C p.Leu726Pro Exon 17  [21]
c.2263G>A p.Gly755Arg Exon 18  [21]
c.2278C>T p.Arg760Trp Exon 18  [7]
c.2294G>A p.Arg765Gln Exon 18 4 (2) [25]
c.2297C>A p.Ala766Asp Exon 18  [31]
c.2329G>A p.Asp777Asn Exon 18  [21]
c.2342C>T p.Ala781Val Exon 18  [12]
c.2359G>T p.Val787Ile Exon 18  [21]
c.2419C>T p.Arg807Trp Exon 19  [7]
c.2420G>A p.Arg807Gln Exon 19  [7,12]
c.2428G>A p.Val810Met Exon 19  [27]
c.2432C>T p.Thr811Met Exon 19  [9]
c.2458G>C p.Ala820Pro Exon 19  [27]

Mutation Protein Location Present Reference
       alteration  study n/203 
         alleles (%)

    
c.113G>C p.Trp38Ser Exon 2  [20]
c.386G>A p.Gly129Glu Exon 4  [7]
?     p.Trp218Cys Exon 6  [9]
c.676G>A p.Gly226Arg Exon 7  [12]
c.743C>T p.Leu248Phe Exon 7  [7]
c.754C>T p.Leu252Phe Exon 7  [20]
c.951C>A p.Ser317Arg Exon 8  [7]
c.1064T>G p.Leu355Arg Exon 9  [7]
c.1091C>G p.Thr364Arg Exon 9  [15]
c.1108A>G p.Asn370Asp Exon 9  [7]
c.1144C>T p.Arg382Trp Exon 9  [21]
c.1171A>G p.Arg391Gly Exon 9  [31]
c.1176G>C p.Lys392Asn Exon 9  [21]
c.1192A>G p.Ser398Gly Exon 10  [7]
c.1233T>G p.Asn411Lys Exon 10  [25]
c.1244T>C p.Val415Ala Exon 10  [20]
c.1318T>G p.Cys440Gly Exon 10  [27]
c.1363G>C p.Ala455Pro Exon 11  [26]
c.1388T>A p.Leu463His Exon 11  [21]
c.1460G>A p.Arg487Gln Exon 12 1 (0.5) [20]
c.1484T>A p.Leu495His Exon 12  [7]
c.1491C>A p.Asn497Lys Exon 12  [20]
c.1505A>T p.Lys502Met Exon 12  [12]
c.1553G>A p.Arg518Gln Exon 12  [25,26]
c.1603T>C p.Ser535Pro Exon 12  [21]
c.1652T>C p.Phe551Ser Exon 13  [7]

c.1703T>C p.Phe568Ser Exon 13  [25]
c.1781C>T p.Ala594Val Exon 14  [7]
c.1798C>T p.Arg600Gly Exon 14  [27]
c.1987G>T p.Gly663Cys Exon 16  [21]
c.2018T>C p.Leu673Pro Exon 16 1 (0.5) [25]
c.2030T>C p.Leu677Pro Exon 16  [7]
c.2093A>C p.Gln698Pro Exon 17  [21]
c.2097G>T p.Glu699Asp Exon 17 1 (0.5) [21]
c.2177T>C p.Leu726Pro Exon 17  [21]
c.2263G>A p.Gly755Arg Exon 18  [21]
c.2278C>T p.Arg760Trp Exon 18  [7]
c.2294G>A p.Arg765Gln Exon 18 4 (2) [25]
c.2297C>A p.Ala766Asp Exon 18  [31]
c.2329G>A p.Asp777Asn Exon 18  [21]
c.2342C>T p.Ala781Val Exon 18  [12]
c.2359G>T p.Val787Ile Exon 18  [21]
c.2419C>T p.Arg807Trp Exon 19  [7]
c.2420G>A p.Arg807Gln Exon 19  [7,12]
c.2428G>A p.Val810Met Exon 19  [27]
c.2432C>T p.Thr811Met Exon 19  [9]
c.2458G>C p.Ala820Pro Exon 19  [27]

Mutation Protein Location Present Reference

c.113G>C p.Trp38Ser Exon 2  [20]
c.386G>A p.Gly129Glu Exon 4  [7]
?     p.Trp218Cys Exon 6  [9]
c.676G>A p.Gly226Arg Exon 7  [12]
c.743C>T p.Leu248Phe Exon 7  [7]
c.754C>T p.Leu252Phe Exon 7  [20]
c.951C>A p.Ser317Arg Exon 8  [7]
c.1064T>G p.Leu355Arg Exon 9  [7]
c.1091C>G p.Thr364Arg Exon 9  [15]
c.1108A>G p.Asn370Asp Exon 9  [7]
c.1144C>T p.Arg382Trp Exon 9  [21]
c.1171A>G p.Arg391Gly Exon 9  [31]
c.1176G>C p.Lys392Asn Exon 9  [21]
c.1192A>G p.Ser398Gly Exon 10  [7]
c.1233T>G p.Asn411Lys Exon 10  [25]
c.1244T>C p.Val415Ala Exon 10  [20]
c.1318T>G p.Cys440Gly Exon 10  [27]
c.1363G>C p.Ala455Pro Exon 11  [26]
c.1388T>A p.Leu463His Exon 11  [21]
c.1460G>A p.Arg487Gln Exon 12 1 (0.5) [20]
c.1484T>A p.Leu495His Exon 12  [7]
c.1491C>A p.Asn497Lys Exon 12  [20]
c.1505A>T p.Lys502Met Exon 12  [12]
c.1553G>A p.Arg518Gln Exon 12  [25,26]
c.1603T>C p.Ser535Pro Exon 12  [21]
c.1652T>C p.Phe551Ser Exon 13  [7]

c.1703T>C p.Phe568Ser Exon 13  [25]
c.1781C>T p.Ala594Val Exon 14  [7]
c.1798C>T p.Arg600Gly Exon 14  [27]
c.1987G>T p.Gly663Cys Exon 16  [21]
c.2018T>C p.Leu673Pro Exon 16 1 (0.5) [25]
c.2030T>C p.Leu677Pro Exon 16  [7]
c.2093A>C p.Gln698Pro Exon 17  [21]
c.2097G>T p.Glu699Asp Exon 17 1 (0.5) [21]
c.2177T>C p.Leu726Pro Exon 17  [21]
c.2263G>A p.Gly755Arg Exon 18  [21]
c.2278C>T p.Arg760Trp Exon 18  [7]
c.2294G>A p.Arg765Gln Exon 18 4 (2) [25]
c.2297C>A p.Ala766Asp Exon 18  [31]
c.2329G>A p.Asp777Asn Exon 18  [21]
c.2342C>T p.Ala781Val Exon 18  [12]
c.2359G>T p.Val787Ile Exon 18  [21]
c.2419C>T p.Arg807Trp Exon 19  [7]
c.2420G>A p.Arg807Gln Exon 19  [7,12]
c.2428G>A p.Val810Met Exon 19  [27]
c.2432C>T p.Thr811Met Exon 19  [9]
c.2458G>C p.Ala820Pro Exon 19  [27]
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c.2477T>C p.Leu826Prop.Leu826Pro Exon 19 1 (0.5)1 (0.5) Present studyPresent study
c.2643G>T p.Arg881Ser Exon 20  [21]
c.2831C>T p.Thr944Ile Exon 22  [21]
c.2848G>A p.Ala950Thr Exon 22  [21]
c.2891G>C p.Arg964Prop.Arg964Pro Exon 22 1 (0.5)1 (0.5) Present studyPresent study
c.2965G>C p.Gly992Arg Exon 22  [12]
c.3145T>G p.Ser1049Ala Exon 23  [20]
c.3168C>A p.Asp1056Glu Exon 23  [7]
c.3188T>G p.Leu1063Arg Exon 23  [20]
c.3340C>T p.Arg1114Cys Exon 24  [27]
c.3341G>A p.Arg1114His Exon 24 1 (0.5) [19]
c.3341G>C p.Arg1114Pro Exon 24  [25]
c.3362C>G p.Ser1121Trp Exon 24  [25]
c.3362C>T p.Ser1121Leu Exon 24  [7]
c.3380C>T p.Met1127Thr Exon 24  [27]
c.3390C>T p.Thr1130Met Exon 24 2 (1) [19]
c.3398G>C p.Gly1133Ala Exon 24  [21]
c.3412C>T p.Arg1138Trp Exon 24  [5]
c.3413G>C p.Arg1138Pro Exon 24  [25]
c.3413G>A p.Arg1138Gln Exon 24 2 (1) [5]
c.3415G>A p.Ala1139Thr Exon 24  [21]
c.3491G>A p.Arg1164Gln Exon 24  [7]
c.3608G>A p.Gly1203Asp Exon 25  [25]
c.3661C>T p.Arg1221Cys Exon 26  [7]
c.3662G>A p.Arg1221His Exon 26 1 (0.5) [24]
c.3663C>T p.Arg1221Cys Exon 26 1 (0.5) [19]
c.3676C>A p.Leu1226Ile Exon 26  [21]
c.3703C>T p.Arg1235Trp Exon 26  [7]
c.3712G>C p.Asp1238His Exon 26  [31]
c.3871G>A p.Ala1291Thrp.Ala1291Thr Exon 27 1(0.5)1(0.5) Present studyPresent study
c.3892G>T p.Val1298Phe Exon 28  [25]
c.3895G>A p.Gly1299Ser Exon 28  [12]
c.3902C>T p.Thr1301Ile Exon 28 4 (2) [25]
c.3904G>A p.Gly1302Arg Exon 28 1 (0.5) [25]
c.3907G>C p.Ala1303Pro Exon 28 1 (0.5) [25]
c.3919T>C p.Ser1307Pro Exon 28 1 (0.5) [12]
c.3940C>T p.Arg1314Trp Exon 28 1 (0.5) [25]
c.3941G>A p.Arg1314Gln Exon 28  [25]
c.3961G>A p.Gly1321Ser Exon 28  [25]
c.3996G>A p.Asp1326Asn Exon 28 1 (0.5) [22]
c.4004T>A p.Leu1335Gln Exon 28  [21]
c.4004T>C p.Leu1335Pro Exon 28  [31]
c.4015C>T p.Arg1339Cys Exon 28 1 (0.5) [32]
c.4016G>A p.Arg1339His Exon 28  [7,21]
c.4016G>T p.Arg1339Leu Exon 28  [7]
c.4025T>C p.Ile1342Thr Exon 28  [21]
c.4036C>T p.Pro1346Ser Exon 28  [27]
c.4041G>C p.Gln1347His Exon 28  [25]
c.4060G>C p.Gly1354Arg Exon 29  [15]
c.4069C>T p.Arg1357Trp Exon 29  [7]
c.4081G>A p.Asp1361Asn Exon 29  [25]
c.4182G>T p.Lys1394Asn Exon 29  [19]
c.4198G>A p.Glu1400Lys Exon 29  [27,31]
c.4271T>C p.Ile1424Thr Exon 30  [25]

c.2643G>T p.Arg881Ser Exon 20  [21]
c.2831C>T p.Thr944Ile Exon 22  [21]
c.2848G>A p.Ala950Thr Exon 22  [21]

c.2965G>C p.Gly992Arg Exon 22  [12]
c.3145T>G p.Ser1049Ala Exon 23  [20]
c.3168C>A p.Asp1056Glu Exon 23  [7]
c.3188T>G p.Leu1063Arg Exon 23  [20]
c.3340C>T p.Arg1114Cys Exon 24  [27]
c.3341G>A p.Arg1114His Exon 24 1 (0.5) [19]
c.3341G>C p.Arg1114Pro Exon 24  [25]
c.3362C>G p.Ser1121Trp Exon 24  [25]
c.3362C>T p.Ser1121Leu Exon 24  [7]
c.3380C>T p.Met1127Thr Exon 24  [27]
c.3390C>T p.Thr1130Met Exon 24 2 (1) [19]
c.3398G>C p.Gly1133Ala Exon 24  [21]
c.3412C>T p.Arg1138Trp Exon 24  [5]
c.3413G>C p.Arg1138Pro Exon 24  [25]
c.3413G>A p.Arg1138Gln Exon 24 2 (1) [5]
c.3415G>A p.Ala1139Thr Exon 24  [21]
c.3491G>A p.Arg1164Gln Exon 24  [7]
c.3608G>A p.Gly1203Asp Exon 25  [25]
c.3661C>T p.Arg1221Cys Exon 26  [7]
c.3662G>A p.Arg1221His Exon 26 1 (0.5) [24]
c.3663C>T p.Arg1221Cys Exon 26 1 (0.5) [19]
c.3676C>A p.Leu1226Ile Exon 26  [21]
c.3703C>T p.Arg1235Trp Exon 26  [7]
c.3712G>C p.Asp1238His Exon 26  [31]

c.3892G>T p.Val1298Phe Exon 28  [25]
c.3895G>A p.Gly1299Ser Exon 28  [12]
c.3902C>T p.Thr1301Ile Exon 28 4 (2) [25]
c.3904G>A p.Gly1302Arg Exon 28 1 (0.5) [25]
c.3907G>C p.Ala1303Pro Exon 28 1 (0.5) [25]
c.3919T>C p.Ser1307Pro Exon 28 1 (0.5) [12]
c.3940C>T p.Arg1314Trp Exon 28 1 (0.5) [25]
c.3941G>A p.Arg1314Gln Exon 28  [25]
c.3961G>A p.Gly1321Ser Exon 28  [25]
c.3996G>A p.Asp1326Asn Exon 28 1 (0.5) [22]
c.4004T>A p.Leu1335Gln Exon 28  [21]
c.4004T>C p.Leu1335Pro Exon 28  [31]
c.4015C>T p.Arg1339Cys Exon 28 1 (0.5) [32]
c.4016G>A p.Arg1339His Exon 28  [7,21]
c.4016G>T p.Arg1339Leu Exon 28  [7]
c.4025T>C p.Ile1342Thr Exon 28  [21]
c.4036C>T p.Pro1346Ser Exon 28  [27]
c.4041G>C p.Gln1347His Exon 28  [25]
c.4060G>C p.Gly1354Arg Exon 29  [15]
c.4069C>T p.Arg1357Trp Exon 29  [7]
c.4081G>A p.Asp1361Asn Exon 29  [25]
c.4182G>T p.Lys1394Asn Exon 29  [19]
c.4198G>A p.Glu1400Lys Exon 29  [27,31]
c.4271T>C p.Ile1424Thr Exon 30  [25]

c.2643G>T p.Arg881Ser Exon 20  [21]
c.2831C>T p.Thr944Ile Exon 22  [21]
c.2848G>A p.Ala950Thr Exon 22  [21]

c.2965G>C p.Gly992Arg Exon 22  [12]
c.3145T>G p.Ser1049Ala Exon 23  [20]
c.3168C>A p.Asp1056Glu Exon 23  [7]
c.3188T>G p.Leu1063Arg Exon 23  [20]
c.3340C>T p.Arg1114Cys Exon 24  [27]
c.3341G>A p.Arg1114His Exon 24 1 (0.5) [19]
c.3341G>C p.Arg1114Pro Exon 24  [25]
c.3362C>G p.Ser1121Trp Exon 24  [25]
c.3362C>T p.Ser1121Leu Exon 24  [7]
c.3380C>T p.Met1127Thr Exon 24  [27]
c.3390C>T p.Thr1130Met Exon 24 2 (1) [19]
c.3398G>C p.Gly1133Ala Exon 24  [21]
c.3412C>T p.Arg1138Trp Exon 24  [5]
c.3413G>C p.Arg1138Pro Exon 24  [25]
c.3413G>A p.Arg1138Gln Exon 24 2 (1) [5]
c.3415G>A p.Ala1139Thr Exon 24  [21]
c.3491G>A p.Arg1164Gln Exon 24  [7]
c.3608G>A p.Gly1203Asp Exon 25  [25]
c.3661C>T p.Arg1221Cys Exon 26  [7]
c.3662G>A p.Arg1221His Exon 26 1 (0.5) [24]
c.3663C>T p.Arg1221Cys Exon 26 1 (0.5) [19]
c.3676C>A p.Leu1226Ile Exon 26  [21]
c.3703C>T p.Arg1235Trp Exon 26  [7]
c.3712G>C p.Asp1238His Exon 26  [31]

c.3892G>T p.Val1298Phe Exon 28  [25]
c.3895G>A p.Gly1299Ser Exon 28  [12]
c.3902C>T p.Thr1301Ile Exon 28 4 (2) [25]
c.3904G>A p.Gly1302Arg Exon 28 1 (0.5) [25]
c.3907G>C p.Ala1303Pro Exon 28 1 (0.5) [25]
c.3919T>C p.Ser1307Pro Exon 28 1 (0.5) [12]
c.3940C>T p.Arg1314Trp Exon 28 1 (0.5) [25]
c.3941G>A p.Arg1314Gln Exon 28  [25]
c.3961G>A p.Gly1321Ser Exon 28  [25]
c.3996G>A p.Asp1326Asn Exon 28 1 (0.5) [22]
c.4004T>A p.Leu1335Gln Exon 28  [21]
c.4004T>C p.Leu1335Pro Exon 28  [31]
c.4015C>T p.Arg1339Cys Exon 28 1 (0.5) [32]
c.4016G>A p.Arg1339His Exon 28  [7,21]
c.4016G>T p.Arg1339Leu Exon 28  [7]
c.4025T>C p.Ile1342Thr Exon 28  [21]
c.4036C>T p.Pro1346Ser Exon 28  [27]
c.4041G>C p.Gln1347His Exon 28  [25]
c.4060G>C p.Gly1354Arg Exon 29  [15]
c.4069C>T p.Arg1357Trp Exon 29  [7]
c.4081G>A p.Asp1361Asn Exon 29  [25]
c.4182G>T p.Lys1394Asn Exon 29  [19]
c.4198G>A p.Glu1400Lys Exon 29  [27,31]
c.4271T>C p.Ile1424Thr Exon 30  [25]

c.2643G>T p.Arg881Ser Exon 20  [21]
c.2831C>T p.Thr944Ile Exon 22  [21]
c.2848G>A p.Ala950Thr Exon 22  [21]

c.2965G>C p.Gly992Arg Exon 22  [12]
c.3145T>G p.Ser1049Ala Exon 23  [20]
c.3168C>A p.Asp1056Glu Exon 23  [7]
c.3188T>G p.Leu1063Arg Exon 23  [20]
c.3340C>T p.Arg1114Cys Exon 24  [27]
c.3341G>A p.Arg1114His Exon 24 1 (0.5) [19]
c.3341G>C p.Arg1114Pro Exon 24  [25]
c.3362C>G p.Ser1121Trp Exon 24  [25]
c.3362C>T p.Ser1121Leu Exon 24  [7]
c.3380C>T p.Met1127Thr Exon 24  [27]
c.3390C>T p.Thr1130Met Exon 24 2 (1) [19]
c.3398G>C p.Gly1133Ala Exon 24  [21]
c.3412C>T p.Arg1138Trp Exon 24  [5]
c.3413G>C p.Arg1138Pro Exon 24  [25]
c.3413G>A p.Arg1138Gln Exon 24 2 (1) [5]
c.3415G>A p.Ala1139Thr Exon 24  [21]
c.3491G>A p.Arg1164Gln Exon 24  [7]
c.3608G>A p.Gly1203Asp Exon 25  [25]
c.3661C>T p.Arg1221Cys Exon 26  [7]
c.3662G>A p.Arg1221His Exon 26 1 (0.5) [24]
c.3663C>T p.Arg1221Cys Exon 26 1 (0.5) [19]
c.3676C>A p.Leu1226Ile Exon 26  [21]
c.3703C>T p.Arg1235Trp Exon 26  [7]
c.3712G>C p.Asp1238His Exon 26  [31]

c.3892G>T p.Val1298Phe Exon 28  [25]
c.3895G>A p.Gly1299Ser Exon 28  [12]
c.3902C>T p.Thr1301Ile Exon 28 4 (2) [25]
c.3904G>A p.Gly1302Arg Exon 28 1 (0.5) [25]
c.3907G>C p.Ala1303Pro Exon 28 1 (0.5) [25]
c.3919T>C p.Ser1307Pro Exon 28 1 (0.5) [12]
c.3940C>T p.Arg1314Trp Exon 28 1 (0.5) [25]
c.3941G>A p.Arg1314Gln Exon 28  [25]
c.3961G>A p.Gly1321Ser Exon 28  [25]
c.3996G>A p.Asp1326Asn Exon 28 1 (0.5) [22]
c.4004T>A p.Leu1335Gln Exon 28  [21]
c.4004T>C p.Leu1335Pro Exon 28  [31]
c.4015C>T p.Arg1339Cys Exon 28 1 (0.5) [32]
c.4016G>A p.Arg1339His Exon 28  [7,21]
c.4016G>T p.Arg1339Leu Exon 28  [7]
c.4025T>C p.Ile1342Thr Exon 28  [21]
c.4036C>T p.Pro1346Ser Exon 28  [27]
c.4041G>C p.Gln1347His Exon 28  [25]
c.4060G>C p.Gly1354Arg Exon 29  [15]
c.4069C>T p.Arg1357Trp Exon 29  [7]
c.4081G>A p.Asp1361Asn Exon 29  [25]
c.4182G>T p.Lys1394Asn Exon 29  [19]
c.4198G>A p.Glu1400Lys Exon 29  [27,31]
c.4271T>C p.Ile1424Thr Exon 30  [25]

c.2643G>T p.Arg881Ser Exon 20  [21]
c.2831C>T p.Thr944Ile Exon 22  [21]
c.2848G>A p.Ala950Thr Exon 22  [21]

c.2965G>C p.Gly992Arg Exon 22  [12]
c.3145T>G p.Ser1049Ala Exon 23  [20]
c.3168C>A p.Asp1056Glu Exon 23  [7]
c.3188T>G p.Leu1063Arg Exon 23  [20]
c.3340C>T p.Arg1114Cys Exon 24  [27]
c.3341G>A p.Arg1114His Exon 24 1 (0.5) [19]
c.3341G>C p.Arg1114Pro Exon 24  [25]
c.3362C>G p.Ser1121Trp Exon 24  [25]
c.3362C>T p.Ser1121Leu Exon 24  [7]
c.3380C>T p.Met1127Thr Exon 24  [27]
c.3390C>T p.Thr1130Met Exon 24 2 (1) [19]
c.3398G>C p.Gly1133Ala Exon 24  [21]
c.3412C>T p.Arg1138Trp Exon 24  [5]
c.3413G>C p.Arg1138Pro Exon 24  [25]
c.3413G>A p.Arg1138Gln Exon 24 2 (1) [5]
c.3415G>A p.Ala1139Thr Exon 24  [21]
c.3491G>A p.Arg1164Gln Exon 24  [7]
c.3608G>A p.Gly1203Asp Exon 25  [25]
c.3661C>T p.Arg1221Cys Exon 26  [7]
c.3662G>A p.Arg1221His Exon 26 1 (0.5) [24]
c.3663C>T p.Arg1221Cys Exon 26 1 (0.5) [19]
c.3676C>A p.Leu1226Ile Exon 26  [21]
c.3703C>T p.Arg1235Trp Exon 26  [7]
c.3712G>C p.Asp1238His Exon 26  [31]

c.3892G>T p.Val1298Phe Exon 28  [25]
c.3895G>A p.Gly1299Ser Exon 28  [12]
c.3902C>T p.Thr1301Ile Exon 28 4 (2) [25]
c.3904G>A p.Gly1302Arg Exon 28 1 (0.5) [25]
c.3907G>C p.Ala1303Pro Exon 28 1 (0.5) [25]
c.3919T>C p.Ser1307Pro Exon 28 1 (0.5) [12]
c.3940C>T p.Arg1314Trp Exon 28 1 (0.5) [25]
c.3941G>A p.Arg1314Gln Exon 28  [25]
c.3961G>A p.Gly1321Ser Exon 28  [25]
c.3996G>A p.Asp1326Asn Exon 28 1 (0.5) [22]
c.4004T>A p.Leu1335Gln Exon 28  [21]
c.4004T>C p.Leu1335Pro Exon 28  [31]
c.4015C>T p.Arg1339Cys Exon 28 1 (0.5) [32]
c.4016G>A p.Arg1339His Exon 28  [7,21]
c.4016G>T p.Arg1339Leu Exon 28  [7]
c.4025T>C p.Ile1342Thr Exon 28  [21]
c.4036C>T p.Pro1346Ser Exon 28  [27]
c.4041G>C p.Gln1347His Exon 28  [25]
c.4060G>C p.Gly1354Arg Exon 29  [15]
c.4069C>T p.Arg1357Trp Exon 29  [7]
c.4081G>A p.Asp1361Asn Exon 29  [25]
c.4182G>T p.Lys1394Asn Exon 29  [19]
c.4198G>A p.Glu1400Lys Exon 29  [27,31]
c.4271T>C p.Ile1424Thr Exon 30  [25]
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c.4377C>T p.Arg1459Cys Exon 30 5 (2.5) [19]
c.4441G>A p.Gly1481Ser Exon 31  [21]
c.4501G>A p.Gly1501Ser Exon 31  [21]

       Nonsense    
c.373G>T p.Glu125X Exon 4  [7]
c.595C>T p.Gly199X Exon 5  [33]
c.681C>G p.Tyr227X Exon 7  [34]
c.724G>T p.Glu242X Exon 7  [21]
c.1087C>T p.Gln363X Exon 9  [21]
c.1132C>T p.Gln378X Exon 9  [13,15]
c.1552C>T p.Arg518X Exon 12  [34]
c.2162G>A p.Trp721X Exon 17  [7]
c.2247C>T p.Gln749X Exon 17 1 (0.5) [19]
c.2304C>A p.Tyr768X Exon 18  [25]
c.2524C>T p.Gln842X Exon 19  [7]
c.2814C>G p.Tyr938X Exon 22  [21]
c.3088C>T p.Arg1030X Exon 23  [25]
c.3207C>A p.Tyr1069Xp.Tyr1069X Exon 23 1 (0.5)1 (0.5) Present studyPresent study
c.3421C>T p.Arg1141X Exon 24 68 (33) [3,5,32]
c.3427C>T p.Gln1143X Exon 24  [21]
c.3490C>T p.Arg1164X Exon 24  [34,35]
c.3668G>A p.Trp1223X Exon 26  [31]
c.3709C>T p.Gln1237X Exon 26  [25]
c.3717T>G p.Tyr1239Xp.Tyr1239X Exon 26 2 (1.0)2 (1.0) Present study
c.3722G>A p.Trp1241X Exon 26  [21]
c.3823C>T p.Arg1275X Exon 27  [27]
?     p.Trp1324X Exon 28  [9]
c.4192C>T p.Arg1398X Exon 29 3 (1.5) [25]

       Splicing alteration    
c.37-1G>A  Intron 1 1 (0.5) [20]
c.220-1G>C  Intron 2  [21]
c.992+2_992+3del  Intron 8  [12]
c.1780-29T>A  Intron 13  [12]
c.1868-5T>G  Intron 14  [12]
c.2070+5G>A  Intron 16  [21]
c.2248-12_2248-11del  Intron 17 1 (0.5) [19]
c.2416-2_2416-1del  Intron 17  [27]
c.2787+1G>T  Intron 21 7 (3.4) [25,26]
c.3307-3_3307-38delinsAGA  Intron 23  [7]
c.3505_3506+2del  Exon 24  [20]
c.3507-1G>A  Intron 24  [7]
c.3634-3C>A  Intron 25  [31]
c.3735G>A  Exon 26  [7]
c.3735G>T  Exon 26  [7]
c.3736-1G>A  Intron 26 1 (0.5) [5]
c.3883-5G>A  Intron 27  [21]
c.3883-6G>A  Intron 27  [7]

       Insertion    
c.938_939insT p.Leu313fs Exon 8  [25]
c.1574_1575insG p.Leu525fs Exon 12  [20]
c.1857_1858insC p.Ser619fs Exon 14  [21]

c.4377C>T p.Arg1459Cys Exon 30 5 (2.5) [19]
c.4441G>A p.Gly1481Ser Exon 31  [21]
c.4501G>A p.Gly1501Ser Exon 31  [21]

    
c.373G>T p.Glu125X Exon 4  [7]
c.595C>T p.Gly199X Exon 5  [33]
c.681C>G p.Tyr227X Exon 7  [34]
c.724G>T p.Glu242X Exon 7  [21]
c.1087C>T p.Gln363X Exon 9  [21]
c.1132C>T p.Gln378X Exon 9  [13,15]
c.1552C>T p.Arg518X Exon 12  [34]
c.2162G>A p.Trp721X Exon 17  [7]
c.2247C>T p.Gln749X Exon 17 1 (0.5) [19]
c.2304C>A p.Tyr768X Exon 18  [25]
c.2524C>T p.Gln842X Exon 19  [7]
c.2814C>G p.Tyr938X Exon 22  [21]
c.3088C>T p.Arg1030X Exon 23  [25]

c.3421C>T p.Arg1141X Exon 24 68 (33) [3,5,32]
c.3427C>T p.Gln1143X Exon 24  [21]
c.3490C>T p.Arg1164X Exon 24  [34,35]
c.3668G>A p.Trp1223X Exon 26  [31]
c.3709C>T p.Gln1237X Exon 26  [25]

c.3722G>A p.Trp1241X Exon 26  [21]
c.3823C>T p.Arg1275X Exon 27  [27]
?     p.Trp1324X Exon 28  [9]
c.4192C>T p.Arg1398X Exon 29 3 (1.5) [25]

    
c.37-1G>A  Intron 1 1 (0.5) [20]
c.220-1G>C  Intron 2  [21]
c.992+2_992+3del  Intron 8  [12]
c.1780-29T>A  Intron 13  [12]
c.1868-5T>G  Intron 14  [12]
c.2070+5G>A  Intron 16  [21]
c.2248-12_2248-11del  Intron 17 1 (0.5) [19]
c.2416-2_2416-1del  Intron 17  [27]
c.2787+1G>T  Intron 21 7 (3.4) [25,26]
c.3307-3_3307-38delinsAGA  Intron 23  [7]
c.3505_3506+2del  Exon 24  [20]
c.3507-1G>A  Intron 24  [7]
c.3634-3C>A  Intron 25  [31]
c.3735G>A  Exon 26  [7]
c.3735G>T  Exon 26  [7]
c.3736-1G>A  Intron 26 1 (0.5) [5]
c.3883-5G>A  Intron 27  [21]
c.3883-6G>A  Intron 27  [7]

    
c.938_939insT p.Leu313fs Exon 8  [25]
c.1574_1575insG p.Leu525fs Exon 12  [20]
c.1857_1858insC p.Ser619fs Exon 14  [21]

c.4377C>T p.Arg1459Cys Exon 30 5 (2.5) [19]
c.4441G>A p.Gly1481Ser Exon 31  [21]
c.4501G>A p.Gly1501Ser Exon 31  [21]

    
c.373G>T p.Glu125X Exon 4  [7]
c.595C>T p.Gly199X Exon 5  [33]
c.681C>G p.Tyr227X Exon 7  [34]
c.724G>T p.Glu242X Exon 7  [21]
c.1087C>T p.Gln363X Exon 9  [21]
c.1132C>T p.Gln378X Exon 9  [13,15]
c.1552C>T p.Arg518X Exon 12  [34]
c.2162G>A p.Trp721X Exon 17  [7]
c.2247C>T p.Gln749X Exon 17 1 (0.5) [19]
c.2304C>A p.Tyr768X Exon 18  [25]
c.2524C>T p.Gln842X Exon 19  [7]
c.2814C>G p.Tyr938X Exon 22  [21]
c.3088C>T p.Arg1030X Exon 23  [25]

c.3421C>T p.Arg1141X Exon 24 68 (33) [3,5,32]
c.3427C>T p.Gln1143X Exon 24  [21]
c.3490C>T p.Arg1164X Exon 24  [34,35]
c.3668G>A p.Trp1223X Exon 26  [31]
c.3709C>T p.Gln1237X Exon 26  [25]

c.3722G>A p.Trp1241X Exon 26  [21]
c.3823C>T p.Arg1275X Exon 27  [27]
?     p.Trp1324X Exon 28  [9]
c.4192C>T p.Arg1398X Exon 29 3 (1.5) [25]

    
c.37-1G>A  Intron 1 1 (0.5) [20]
c.220-1G>C  Intron 2  [21]
c.992+2_992+3del  Intron 8  [12]
c.1780-29T>A  Intron 13  [12]
c.1868-5T>G  Intron 14  [12]
c.2070+5G>A  Intron 16  [21]
c.2248-12_2248-11del  Intron 17 1 (0.5) [19]
c.2416-2_2416-1del  Intron 17  [27]
c.2787+1G>T  Intron 21 7 (3.4) [25,26]
c.3307-3_3307-38delinsAGA  Intron 23  [7]
c.3505_3506+2del  Exon 24  [20]
c.3507-1G>A  Intron 24  [7]
c.3634-3C>A  Intron 25  [31]
c.3735G>A  Exon 26  [7]
c.3735G>T  Exon 26  [7]
c.3736-1G>A  Intron 26 1 (0.5) [5]
c.3883-5G>A  Intron 27  [21]
c.3883-6G>A  Intron 27  [7]

    
c.938_939insT p.Leu313fs Exon 8  [25]
c.1574_1575insG p.Leu525fs Exon 12  [20]
c.1857_1858insC p.Ser619fs Exon 14  [21]

c.4377C>T p.Arg1459Cys Exon 30 5 (2.5) [19]
c.4441G>A p.Gly1481Ser Exon 31  [21]
c.4501G>A p.Gly1501Ser Exon 31  [21]

    
c.373G>T p.Glu125X Exon 4  [7]
c.595C>T p.Gly199X Exon 5  [33]
c.681C>G p.Tyr227X Exon 7  [34]
c.724G>T p.Glu242X Exon 7  [21]
c.1087C>T p.Gln363X Exon 9  [21]
c.1132C>T p.Gln378X Exon 9  [13,15]
c.1552C>T p.Arg518X Exon 12  [34]
c.2162G>A p.Trp721X Exon 17  [7]
c.2247C>T p.Gln749X Exon 17 1 (0.5) [19]
c.2304C>A p.Tyr768X Exon 18  [25]
c.2524C>T p.Gln842X Exon 19  [7]
c.2814C>G p.Tyr938X Exon 22  [21]
c.3088C>T p.Arg1030X Exon 23  [25]

c.3421C>T p.Arg1141X Exon 24 68 (33) [3,5,32]
c.3427C>T p.Gln1143X Exon 24  [21]
c.3490C>T p.Arg1164X Exon 24  [34,35]
c.3668G>A p.Trp1223X Exon 26  [31]
c.3709C>T p.Gln1237X Exon 26  [25]

c.3722G>A p.Trp1241X Exon 26  [21]
c.3823C>T p.Arg1275X Exon 27  [27]
?     p.Trp1324X Exon 28  [9]
c.4192C>T p.Arg1398X Exon 29 3 (1.5) [25]

    
c.37-1G>A  Intron 1 1 (0.5) [20]
c.220-1G>C  Intron 2  [21]
c.992+2_992+3del  Intron 8  [12]
c.1780-29T>A  Intron 13  [12]
c.1868-5T>G  Intron 14  [12]
c.2070+5G>A  Intron 16  [21]
c.2248-12_2248-11del  Intron 17 1 (0.5) [19]
c.2416-2_2416-1del  Intron 17  [27]
c.2787+1G>T  Intron 21 7 (3.4) [25,26]
c.3307-3_3307-38delinsAGA  Intron 23  [7]
c.3505_3506+2del  Exon 24  [20]
c.3507-1G>A  Intron 24  [7]
c.3634-3C>A  Intron 25  [31]
c.3735G>A  Exon 26  [7]
c.3735G>T  Exon 26  [7]
c.3736-1G>A  Intron 26 1 (0.5) [5]
c.3883-5G>A  Intron 27  [21]
c.3883-6G>A  Intron 27  [7]

    
c.938_939insT p.Leu313fs Exon 8  [25]
c.1574_1575insG p.Leu525fs Exon 12  [20]
c.1857_1858insC p.Ser619fs Exon 14  [21]

c.4377C>T p.Arg1459Cys Exon 30 5 (2.5) [19]
c.4441G>A p.Gly1481Ser Exon 31  [21]
c.4501G>A p.Gly1501Ser Exon 31  [21]

c.373G>T p.Glu125X Exon 4  [7]
c.595C>T p.Gly199X Exon 5  [33]
c.681C>G p.Tyr227X Exon 7  [34]
c.724G>T p.Glu242X Exon 7  [21]
c.1087C>T p.Gln363X Exon 9  [21]
c.1132C>T p.Gln378X Exon 9  [13,15]
c.1552C>T p.Arg518X Exon 12  [34]
c.2162G>A p.Trp721X Exon 17  [7]
c.2247C>T p.Gln749X Exon 17 1 (0.5) [19]
c.2304C>A p.Tyr768X Exon 18  [25]
c.2524C>T p.Gln842X Exon 19  [7]
c.2814C>G p.Tyr938X Exon 22  [21]
c.3088C>T p.Arg1030X Exon 23  [25]

c.3421C>T p.Arg1141X Exon 24 68 (33) [3,5,32]
c.3427C>T p.Gln1143X Exon 24  [21]
c.3490C>T p.Arg1164X Exon 24  [34,35]
c.3668G>A p.Trp1223X Exon 26  [31]
c.3709C>T p.Gln1237X Exon 26  [25]

 Present study
c.3722G>A p.Trp1241X Exon 26  [21]
c.3823C>T p.Arg1275X Exon 27  [27]
?     p.Trp1324X Exon 28  [9]
c.4192C>T p.Arg1398X Exon 29 3 (1.5) [25]

c.37-1G>A  Intron 1 1 (0.5) [20]
c.220-1G>C  Intron 2  [21]
c.992+2_992+3del  Intron 8  [12]
c.1780-29T>A  Intron 13  [12]
c.1868-5T>G  Intron 14  [12]
c.2070+5G>A  Intron 16  [21]
c.2248-12_2248-11del  Intron 17 1 (0.5) [19]
c.2416-2_2416-1del  Intron 17  [27]
c.2787+1G>T  Intron 21 7 (3.4) [25,26]
c.3307-3_3307-38delinsAGA  Intron 23  [7]
c.3505_3506+2del  Exon 24  [20]
c.3507-1G>A  Intron 24  [7]
c.3634-3C>A  Intron 25  [31]
c.3735G>A  Exon 26  [7]
c.3735G>T  Exon 26  [7]
c.3736-1G>A  Intron 26 1 (0.5) [5]
c.3883-5G>A  Intron 27  [21]
c.3883-6G>A  Intron 27  [7]

c.938_939insT p.Leu313fs Exon 8  [25]
c.1574_1575insG p.Leu525fs Exon 12  [20]
c.1857_1858insC p.Ser619fs Exon 14  [21]
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c.2237_2238ins10 p.Ile746fs Exon 17  [21]
c.2820_2821insC p.Arg940fs Exon 22  [21]
c.3544dupC p.Leu1182fs Exon 25  [27]
c.3769_3770insC p.Pro1257fs Exon 27  [7]
c.3774_3775insC p.Pro1258fs Exon 27  [21]
c.4220_4221insAGAA p.Lys1407fs Exon 30 1 (0.5) [3]

       Small deletion    
c.105delA p.Ala35fs Exon 2  [7]
c.179_187del p.Arg60fs Exon 2  [15]
c.179_195del p.Arg60fs Exon 2  [25]
c.179_190delins3 p.Arg60_Trp64 Exon 2  [21]
           delinsLeuArg   
c.220_222del p.Val74del Exon 3  [31]
c.960delC p.Ile320fs Exon 8  [34]
c.1088_1120del p.Gln363_Arg373del Exon 9  [31]
c.1944_1965del p.Arg648fs Exon 16 5 (2.5) [3]
c.1995delG p.Val665fs Exon 16  [25]
c.1999delG p.Ala667fs Exon 16  [21]
c.2322delC p.Tyr774fs Exon 18  [25]
c.2542delG p.Val848fs Exon 19  [25]
c.3106_3108del p.Phe1036del Exon 23  [7]
c.3141_3143del p.Phe1048del Exon 23  [7]
c.3364delT p.Ser1122fsp.Ser1122fs Exon 24 1 (0.5)1 (0.5) Present studyPresent study
c.3775delT p.Trp1259fs Exon 27 28 (14) [3]
c.3821_68del p.Tyr1274_Ile1289del Exon 27 2 (1) [22]
c.3880_3882del p.Lys1294del Exon 27 1 (0.5) [21]
c.3912delG p.Gly1304fs Exon 28  [7]
c.4104delC p.Asp1368fs Exon 29  [25]
c.4182delG p.Lys1394fs Exon 29 16 (7.9) [19]
c.4306_4312delc.4306_4312del p.Thr1437fsp.Thr1437fs Exon 30 1 (0.5)1 (0.5) Present studyPresent study
c.4318delA p.Met1440fs Exon 30  [27]
c.4335delG p.Gly1445fs Exon 30  [21]

       Large deletion    
        Exon 1  [28]
        Exon 1-21  [7]
        Exon 9-10  [28]
        Exon 15  [25]
        Exon 21  [28]
        Exon 23-29 27 (13) [25,34,35]
        Exon 24-25  [36]
        Exon 24-27  [28]
        ABCC6 2 (1) [3]

We found mutations in 203 alleles. The fourth column shows the frequency of the di� erent mutations among 
the alleles. Novel mutations are bold and underlined.

c.2237_2238ins10 p.Ile746fs Exon 17  [21]
c.2820_2821insC p.Arg940fs Exon 22  [21]
c.3544dupC p.Leu1182fs Exon 25  [27]
c.3769_3770insC p.Pro1257fs Exon 27  [7]
c.3774_3775insC p.Pro1258fs Exon 27  [21]
c.4220_4221insAGAA p.Lys1407fs Exon 30 1 (0.5) [3]

    
c.105delA p.Ala35fs Exon 2  [7]
c.179_187del p.Arg60fs Exon 2  [15]
c.179_195del p.Arg60fs Exon 2  [25]
c.179_190delins3 p.Arg60_Trp64 Exon 2  [21]
           delinsLeuArg   
c.220_222del p.Val74del Exon 3  [31]
c.960delC p.Ile320fs Exon 8  [34]
c.1088_1120del p.Gln363_Arg373del Exon 9  [31]
c.1944_1965del p.Arg648fs Exon 16 5 (2.5) [3]
c.1995delG p.Val665fs Exon 16  [25]
c.1999delG p.Ala667fs Exon 16  [21]
c.2322delC p.Tyr774fs Exon 18  [25]
c.2542delG p.Val848fs Exon 19  [25]
c.3106_3108del p.Phe1036del Exon 23  [7]
c.3141_3143del p.Phe1048del Exon 23  [7]

c.3775delT p.Trp1259fs Exon 27 28 (14) [3]
c.3821_68del p.Tyr1274_Ile1289del Exon 27 2 (1) [22]
c.3880_3882del p.Lys1294del Exon 27 1 (0.5) [21]
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