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SIGNIFICANCE
This study examined the genetic cause of a severe form 
of the blister-forming disease epidermolysis bullosa in 2 
affected siblings from Pakistan. Exchange of a single base 
on gene copies from both parents was found in the COL7A1 
gene, which should affect the protein properties. However, 
computer programs predicted a so-called splice effect (al-
tered removal of the introns of a gene). This was proved 
experimentally in cell culture. Thus, the study shows that 
a new splice site was created in exon 94, which resulted in 
a truncated protein.

Dystrophic epidermolysis bullosa is an inherited skin 
disorder characterized by fragile skin that is prone to 
blistering. We report here a consanguineous Pakistani 
family with two siblings, in whom a severe reces-
sive dystrophic epidermolysis bullosa was suspected. 
Using whole-exome sequencing for one sibling, the 
homozygous base substitution c.7249C>G in COL7A1 
was identified, and could be confirmed in the other 
sibling by Sanger sequencing. In our exome data, this 
mutation was annotated as a missense substitution 
(p.Gln2417Glu), but in silico tools indicated a possible 
effect on splicing. Using the ExonTrap vector it was 
verified that the mutation leads to activation of a cryp-
tic donor splice site, which leads to loss of 26 nucleo-
tides, and a frame shift event predicted to result in a 
truncated protein (p.Q2417Sfs*57). The present re-
port de scribes an apparent COL7A1 missense substitu-
tion with an unexpected consequence on splicing that 
leads to a severe recessive dystrophic epidermolysis 
bullosa phenotype. 

Key words: epidermolysis bullosa; exome sequencing; missen-
se mutation; splicing; COL7A1.
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Epidermolysis bullosa (EB) is a rare genodermatosis 
characterized by a proneness to blistering of the skin. 

Various subtypes of EB have been described, which vary 
in terms of clinical manifestation, severity and underly-
ing genetic defect. EB may also present with extracuta-
neous signs, including oesophageal strictures, muscular 
dystrophy, nail dystrophy, scarring alopecia, tracheal 
epithelial erosion, enamel hypoplasia, and corneal ero-
sions. Recently, a consensus reclassification of inherited 
EB and other skin fragility disorders was published, and 
classical EB was divided into 4 subgroups: EB simplex 
(EBS, autosomal dominant and autosomal recessive); 

junctional EB (JEB, autosomal recessive); dystrophic 
EB (DEB, exists as both autosomal dominant (DDEB) 
and autosomal recessive (RDEB)); and Kindler EB (1). 
To date, approximately 20 genes have been implicated 
across the EB subtype spectrum (2, 3).

DEB affects both the skin and the mucous membranes, 
and is characterized mainly by skin blisters, erosions, 
scars, pseudosyndactyly, mitten hand, mitten foot, and 
susceptibility to trauma. The phenotype ranges from 
very mild (isolated nail dystrophy or localized blistering 
only) to very severe (generalized blistering and failure to 
thrive). Autosomal recessive DEB (RDEB) is the most 
severe subtype of DEB, formerly known as Hallopeau-
Siemens type (RDEB-HS), in which patients present 
with generalized lesions; scarring of the hands and feet, 
leading to fusion of the digits; and severe mucosal in-
volvement (4, 5).

Both DDEB and RDEB are caused by mutations in 
the COL7A1 gene (e.g. 4, 6–10). COL7A1 encodes type 
VII collagen, which is the main component of the an-
choring fibrils at the dermo–epidermal junction (11, 12). 
COL7A1 spans 31,132 bps and 118 exons, and is thus 
one of the largest genes characterized to date (11). The 
mRNA of COL7A1 is approximately 9 kb in size (12), 
and is translated into a 350 kDa proα1 (VII) polypeptide 
(13). The main part of the mature protein consists of a 
collagenous segment with a Gly–X–Y repeat sequence, 
which folds into a collagenous triple helical conforma-
tion. This large domain is preceded by an amino-terminal 
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non-collagenous (NC-1) domain, which mediates binding 
of the anchoring fibrils to the basement membrane above 
and the dermis below. This is followed by a carboxyl-
terminal non-collagenous (NC-2) domain, which enables 
linkage between the collagen homotrimers (14).

RDEB can be caused by diverse types of mutations, 
i.e. nonsense mutations, splice site mutations, deletions, 
insertions, ”silent” glycine substitutions within the triple 
helix and non-glycine substitutions in the triple helix or 
non-collagenous NC-2 domain (4, 15, 16). 

The current report describes a molecular genetic ana-
lysis of 2 individuals from a family with suspected severe 
RDEB from the remote Balochistan region of Pakistan. 
Due to the clinical variability of EB, the fact that multiple 
genes have been implicated in its aetiology and the large 
number of exons in COL7A1, whole exome sequencing 
(WES) was used to identify the underlying pathogenic 
variant in this family. A homozygous single base pair 
substitution (c.7249C>G) in COL7A1 was identified in 
both affected individuals. The mutation identified in the 
present study leads to aberrant splicing, followed by the 
deletion of 26 nucleotides and premature truncation of 
the protein (p.Q2417Sfs*57).

MATERIALS AND METHODS

Subjects

A consanguineous family from Balochistan, Pakistan was investi-
gated. The family comprised 2 siblings, a boy and a girl, aged 

13 and 8 years, respectively, with suspected severe RDEB, two 
unaffected brothers, and their parents (Fig. 1a). The family was 
interviewed at home. Information concerning the pedigree was 
obtained from the parents and confirmed via discussions with 
other relatives. 

DNA extraction

All study procedures were performed in accordance with the 
principles of the Declaration of Helsinki. Ethics approval was 
obtained from the ethics review committee of the University of 
Balochistan. Written informed consent was obtained from both 
parents prior to inclusion. EDTA blood samples were drawn from 
5 family members (Fig. 1a), and genomic DNA was extracted via 
the QIAmp DNA Blood Midi Kit (QIAGEN, Hilden, Germany). 
DNA purity was determined with a spectrophotometer, and DNA 
visualization was performed in an ethidium bromide stained 1% 
agarose gel. 

Whole exome sequencing (WES)

For the affected individual IV:2 (Fig. 1a), exome sequencing was 
performed at the Cologne Center for Genomics (CCG, Cologne, 
Germany). Details of the sequencing protocol are provided else-
where (17, 18). Briefly, 1 μg fragmented DNA was sonicated, and 
the fragments were subjected to end-repair and adaptor-ligation, 
including incorporation of sample index barcodes. After size se-
lection, the libraries were enriched using the SeqCap EZ Human 
Exome Library version 2.0 kit (Roche NimbleGen, Inc., Pleasanton, 
California, USA). The libraries were then sequenced using a paired 
end protocol on an Illumina HiSeq 2000 (Illumina, San Diego, CA, 
USA) instrument. Data filtering and analysis were performed using 
the Varbank pipeline v.2.18 (https://varbank.ccg.uni-koeln.de/). 

Variants were also filtered against the public databases dbSNP, 
the 1000 Genomes Project, and ExAC. The online tools Variant-

Fig. 1. (a) Pedigree of a Pakistani family with suspected recessive dystrophic epidermolysis bullosa. Black circles: affected family members. Double lines 
indicate consanguinity. Circles and squares show female and male individuals, respectively. DNA refers to availability of DNA samples from the respective 
individuals. Diagonal bars through the symbols denote deceased individuals. (b–g) Clinical photographs of the affected 13-year-old boy (IV:1: b–d) and 
8-year-old girl (IV:2: e–g). The 2 affected siblings exhibit erosions, blisters, atrophic scars, partially ulcers, crusts, and scales (b, e) on the skin of the 
face, (c, f) hands and (d, g) feet. (c, d, f, g). Both siblings show pseudosyndactyly; (f, g) the digits of hand and feet of the younger sibling (IV:2) show 
severe contractures with a cocoon-like covering. Written permission is given by the parents to publish thses photos.
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Taster, PolyPhen2, SIFT, and VariantAssessor were used to predict 
the pathogenicity of the identified variants.

Sanger sequencing and segregation analysis

For PCR amplification of COL7A1, self-designed primers were 
used. These primers are obtainable on request. To verify the WES 
result, Sanger sequencing of the affected individuals and their 
family members was conducted using the BigDye Terminator 
v1.1 Cycle Sequencing kit (Applied Biosystems) and an ABI 
3100 genetic analyser (Applied Biosystems). Variant location 
was determined using Seqman software and comparisons with the 
wild-type sequence, which was extracted from the UCSC Genome 
Browser website (http://genome.ucsc.edu) (19).

In silico prediction of splice effects

HSF Pro System (https://www.genomnis.com/access-hsf) (20) and 
SpliceAI (21) were used to analyse the effect of the point variant 
on splicing. SpliceAI scores were retrieved from the Illumina 
BaseSpace server on 16 June 2019. 

Cloning, cell culture and cDNA preparation

To analyse the effects of the splice site variant (c.7249C>G) on 
the splicing mechanism in vitro, the wild-type and the mutated 
sequences were cloned into the Exon trap Cloning Vector (MoBi-
Tec, Göttingen, Germany) using theIn-Fusion® HD Cloning Plus 
kit (Takara Bio USA, Mountain View, CA, USA) (22). This vector 
includes an intron that contains a multiple cloning site, which is 
surrounded by 2 mammalian exons. After transformation of E. 
coli, plasmids were isolated and correct clones were identified 
via direct sequencing. Clones containing the desired insert were 
used for transient transfection of HEK293T cells. Following the 
extraction of total RNA, reverse transcription was performed. The 
cDNA obtained was then am plified and sequenced.

RESULTS

Clinical features of the two affected siblings
Clinically, both affected siblings presented with multiple 
erosions, atrophic scars, partial ulcers, and crusts and 
scales on the skin of the face and limbs (Fig. 1b–g). Milia 
were also observed. Both of the siblings presented with 
bilateral pseudosyndactyly. The older sibling (IV:1) had 
partial and complete adhesions between the fingers and 
toes, respectively (Fig. 1c, d). In the younger sibling 
(IV:2), the digits of hands and feet showed severe con-
tractures with a cocoon-like covering (mitten hand) (Fig. 
1f, g). She also presented with oesophageal stenosis and 
mucosal involvement on the lower lip. 

Exome data analysis identified a novel variant in the 
COL7A1 gene
Analysis of the WES data revealed a homozygous base 
change c.7249C>G in COL7A1. The mutation was 
veri fied by Sanger sequencing. Affected and unaffected 
family members marked in the pedigree (Fig. 1a) were 
examined for this mutation. Both affected individuals 
(IV:1, IV:2) were homozygous, while both parents 
(III:2, III:3) were heterozygous (Fig. 2a). The unaffected 

sibling (IV:3) carried the wild-type sequence (Fig. 2a). 
This revealed that in the present family, the variant co-
segregated with the disease.

The identified mutation is not present in ExAC or 
the 1000G database (http://exac. broadinstitute.org/). 
This mutation is predicted to result in the substitution 
of the conserved amino acid glutamine by glutamate 
(p.Gln2417Glu). The in silico tool VariantTaster pre-
dicted that the mutation is “possibly damaging”, and 
PolyPhen2 predicted “disease causing”. However, SIFT 
predicted that the mutation is tolerated.

In silico analysis predicted activation of a cryptic splice 
site 
HSF Pro predicted activation of a cryptic donor site and 
a potential alteration of the splicing as a consequence of 
the single base pair substitution (c.7249C>G) in exon 
94. More specifically, the score of the cryptic splice site 
varied by 191.53% (2.48–7.23) upon substitution. Spli-
ceAI predicted that the mutation decreases by 0.65 the 
probability that the canonical donor site is used. 

Exon Trap studies revealed that the mutation causes the 
deletion of 26 nucleotides
Due to the lack of RNA samples from the siblings, the 
splicing effect of the mutation was analysed via the Exon 
Trap vector (23). Sequencing of the cDNA confirmed the 
prediction of HSF Pro, as it revealed the creation of a 
new donor site in exon 94, with the subsequent deletion 
of 26 nucleotides (Fig. 2b). This altered splicing event 
shifts the reading frame of COL7A1 mRNA, leading to 
a stretch of 56 abnormal residues and a premature stop 
codon that is predicted to result in the truncated protein 
p.Q2417Sfs*57.

DISCUSSION

This study identified a causal homozygous single base 
pair substitution in the exonic region of the gene COL7A1 
in 2 Pakistani siblings with suspected severe RDEB. 
This mutation was predicted to result in the substitution 
of glutamine by glutamate (p.Gln2417Glu). However, 
in silico splice predictions indicated a possible effect on 
splicing. Using an exon-trapping vector, we validated 
the splicing effect, which indicates a loss of function 
for COL7A1. 

Defects in mRNA splicing are a frequent cause of 
Mendelian disorders (23). Splicing is dependent on the 
correct recognition of 3’ and 5’ splice acceptor and donor 
sites by the splicing machinery (spliceosome). Mutations 
in the exonic sequences can affect splicing according to 
2 different mechanisms: (i) they can create a new 5´ or 
3´ splice site, impair regular (canonical) ones or activate 
cryptic splice sites; (ii) they can disrupt or introduce cis-
acting elements, i.e. exonic splicing enhancer or exonic 
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splicing silencer motifs (24–26). These mutations could 
lead to intron retention or exon skipping (entirely or 
partially), with the resulting sequence being either in or 
out of frame. In our case, an exonic C to G substitution 
in COL17A leads to activation of a cryptic donor site 
by increasing its conformity to the consensus sequence 
(strengthening of the cryptic splice site). The mutation 
leads to recognition of the adjacent GT dinucleotide motif 
as the 5’ end of an intron by the spliceosome. In the lite-
rature, 3 other apparent missense mutations in COL7A1 
were reported to have consequences on splicing (Fig. 2c). 
In either of these cases, a certain amount of wild-type 
transcript could be detected using skin biopsy samples, 

and the patients were reported to have mild to interme-
diate RDEB phenotypes (27–29). Intriguingly, in one of 
these studies (28), the identified mutation (c.7245G>A) is 
located just 4 bps upstream of our mutation (Fig. 2c) and 
leads to the activation of the same cryptic splice site, thus 
generating the identical aberrant transcript encoding for 
p.Q2417Sfs*57. In detail, c.7245G>A leads to a substitu-
tion that is 2 bps upstream of the GT dinucleotide motif, 
and also increases the conformity of this cryptic splice 
site to the consensus sequence. We performed an in silico 
comparison of the 2 mutations using HSF Pro, which 
suggested a stronger effect for the mutation observed in 
the Pakistani siblings. More specifically, while the current 

Fig. 2. Electropherograms and schematic illustration of COL7A1 expanded for exon 94. (a) Electropherograms of the patient and, parent (carrier) 
of the present family compared with the respective wild-type (WT) sequence; (b) electropherograms obtained after the ExonTrap experiment, showing 
evidence of a 26-bp deletion, compared with the WT sequence (upper row). In both images, the position of the mutation is indicated with an arrow. (c) 
COL7A1 exonic sequence, in blue shading, the exons coding for NC1 and NC2 domain, in red shading the ones coding for the triple helix domain. All the 
known mutations for exon 94 are shown; the newly identified mutation is depicted in bold.
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mutation led to a 191% score enhancement (as indicator 
of the increase in likelihood that a splicing event occurs at 
this location (30)), the mutation reported by Titeux et al. 
(28) led to a score enhancement of 93.95% (from 2.48 to 
4.81). Of note, c.7245G>A was detected in hemizygosity 
(the second allele was deleted), but the authors could 
identify a minor amount of wild-type transcript in cultu-
red cells obtained from skin biopsies. Immunostaining in 
histological skin biopsy sections also revealed a severely 
reduced but positive signal for collagen VII, confirming 
residual usage of canonical splice site. Accordingly, Ti-
teux et al. (28) suggested that this may be the reason for 
the manifestation of an intermediate rather than a severe 
phenotype. Based on the comparative in silico evaluation 
it may be plausible that our mutation is associated with 
an even further decreased usage of the canonical splice 
site and thus production of even less wild-type protein. 
This may be the underlying reason for the observed severe 
RDEB phenotypes in the Pakistani siblings. 

However, we must make a cautious remark here re-
garding the distinction between intermediate and severe 
RDEB. There is a large overlap in clinical presentation 
of these 2 forms (31) and to make a clear distinction is 
challenging at times. Taken that this has a prognostic 
value (32), ascertainment of better defined criteria for a 
reliable distinction may aid in this task. 

The present analyses did not exclude the possibility 
that, in tissues in which tissue-specific splicing factors 
are expressed, the mutation could lead to a different 
splicing pattern (33). 

Severe forms of RDEB are generally caused by non-
sense, frameshift or splice-site variants, and in some ca-
ses by missense mutations in specific domains (4, 6, 13). 
Thus, the present experimental findings are consistent 
with both the severe phenotype of the 2 affected siblings, 
as well as with the previously described mutations for 
severe RDEB. 

In summary, this study demonstrated that an exonic 
single-base substitution, initially annotated as a missense 
mutation, in fact activates a cryptic donor splice site lo-
cated in exon 94 of COL7A1. Altered splicing results in 
a frameshift in the transcript and a premature stop codon. 
The data presented here highlight that single nucleotide 
changes, with presumably simple effects (silent or mis-
sense substitutions), could have rather unexpected con-
sequences on splicing that can be revealed upon closer 
inspection. Interestingly, 3 other studies reported similar 
effects for 3 respective COL7A1 missense mutations. 
Based on their and our findings, a plausible hypothesis 
is that some of the previously identified single nucleotide 
changes in COL7A1 may have been misclassified as mis-
sense mutations. Furthermore, when interpreted together, 
the findings of this study and others implicate that the 
extent of altered splice site usage could have relevance 
for the severity grade of the resulting RDEB phenotype. 
These aspects await elucidation by phenotypic and mole-

cular genetic investigations in a larger cohort of patients 
carrying COL7A1 missense mutations.
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