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Exome sequencing reveals a novel mutation, p.L325H,
in the KRT5 gene associated with autosomal dominant
Epidermolysis Bullosa Simplex Koebner type in a
large family from western India
Shamsudheen K Vellarikkal1,2, Ashok Patowary1, Meghna Singh1,2, Renu Kumari1,2, Mohammed Faruq1,2, Dilip C Master3,
Sridhar Sivasubbu1,2 and Vinod Scaria2,4

We report a large, non-consanguineous family comprising five generations of individuals residing in Gujarat, India affected with
localized Epidermolysis Bullosa Simplex (EBS) Koebner type. We analyzed 14 individuals including 9 affected individuals from this
family. Exome sequencing in two cases suggested a novel non-synonymous variation, p.L325H, in the KRT5 gene. The present
analysis also reports the first causative mutation of EBS Koebner type from India.
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Epidermolysis bullosa simplex (EBS) is a rare and polymorphic skin
disorder characterized by skin fragility, which causes blisters and
further erosion owing to mechanical pressure or friction. The
pathophysiology of this disorder has been traced to the fragility of
the skin layer organization, primarily attributed to abnormal
structure and/or architecture of keratin microfilaments in the skin,
resulting in skin that is fragile and sensitive to mechanical pressure
or friction. This precipitates separation of the epidermis and
dermis, which leads to the formation of bullae.1,2 The disorder can
manifest as a wide spectrum of polymorphic phenotypes with
varying severity. A number of distinct clinical subtypes of the
disease have been reported that range from localized phenom-
ena, which was previously known as the Weber–Cockayne variant
where the blisters are usually limited to the hands, soles and other
pressure points, to generalized bullous disorder, otherwise known
as the Dowling–Meara variant and the Koebner variant. Pheno-
typic variants of the disorder may also co-occur with pigmentation
problems, also referred to as the mottled pigmentation variant.
EBS is a rather rare genetic disorder with prevalence estimates of
~ 1 in 25,000–50,000 individuals. The inheritance of the disease
generally follows an autosomal dominant pattern, although in a
minor set of mutations, an autosomal recessive pattern has been
observed.3

A number of mutations have been characterized in the Keratin 5
(KRT5) and Keratin 14 (KRT14) genes, which form a heterodimeric
complex constituting the keratin cytoskeleton that forms the basal
cells of the skin. Recently, additional mutations in the plectin gene
(PLEC1) encoding the protein plectin have also been implicated as
one of the causative markers for EBS4. The mutation frequency in
KRT5 and KRT14 distinctly vary in each of the EBS clinical subtypes,
with localized EBS caused predominantly by variations in the KRT5

gene and the autosomal recessive form of the disease caused
predominantly by variants in the KRT14 gene.3,5

In the present study, we analyzed a large, non-consanguineous
five-generation family residing in Gujarat, India (Figure 1d).
Blood samples were obtained, after informed consent, from a
total of 14 individuals, out of which 9 were affected and 5 were
apparently unaffected. The affected individuals had classical
EBS features, with the bullae confined primarily to the palms,
soles and pressure points including the waistline (Figures 1a–c).
Almost all individuals had hyperkeratosis and patches of
hyperpigmentation on the limb extremities, but no family
members had reticulate hyperpigmentation in any of the flexural
regions. The nails were also observed to be affected in a number
of individuals, and the affected members did not have large
phenotypic variability.
Whole-exome capture sequencing was performed with 101 bp-

paired end reads for two affected individuals in the family using
Illumina exome capture and sequencing on an Illumina HiSeq
2000 platform (San Diego, CA, USA). We generated over 82 and 63
million reads each for the two affected individuals (SRA accession
SRR1380978 (III:4) and SRR1380977 (IV:4)). Variants were indepen-
dently called using standard mapping and variant calling
protocols, which involved bwa6 for mapping reads and sam-
tools7 for calling variants. The variants were further annotated
using ANNOVAR,8 analyzed via SIFT for potentially deleterious
non-synonymous variations by using the SIFT score (o0.05)9 and
the presence of the variant was verified in both affected
individuals. The analysis revealed a total of three putative
deleterious variants in the laminin gamma 2 (LAMC2), collagen
type XVII (COL17A1) and KRT5 genes. The non-synonymous
variation p.L325H (c.T974A) in the KRT5 gene was heterozygous
in both affected individuals. Further, the region flanking the
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variant was genotyped in all the 14 samples by capillary
sequencing using BigDye-terminator chemistry (Figure 1e). Only
the non-synonymous variation p.L325H segregated in the affected
individuals, suggesting high penetrance.
In addition, we performed an in-depth in silico analysis of this

particular variant. Our analysis revealed that the p.L325H mutation
is located in a highly conserved region of the KRT5 gene. The
keratin protein has distinct structural and functional domains that
have differential mutation rates. In brief, the entire protein

comprises six distinct structural and functional motifs. These
motifs are the head, helix initiation motif, coils, linkers, helix
termination motif and tail (Figure 1f). In this particular case,
secondary structure analysis revealed that the mutation occurs in
the Linker-12 region of the protein. A number of deleterious
mutations have been mapped to the KRT5 gene and have been
previously associated with the EBS phenotype in the Linker-12
region. A number of variants also have different penetrance and
different modes of inheritance, but the majority of mutations have

Figure 1. Identification of a novel mutation associated with EBS in a large Gujarati family. (a–c) Clinical features of the affected individuals with
bullae and erosion. (d) Pedigree of the family. (e) Chromatogram derived from targeted capillary sequencing of 14 samples for mutation
p.L325H. Affected individuals are marked with asterisks. (f) Schematic description of KRT5 gene showing mutation loci, secondary structure
with domain annotations.
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an autosomal dominant inheritance pattern.10,11 A mutation in the
same locus with an A4C substitution has been previously
reported and is associated with the disease phenotype.12

In the present analysis, we identified a novel variant, p.L325H (c.
T974A), in the KRT5 gene that is associated with EBS in a large
family, comprising five generations and over 57 individuals. In
addition to advancing the mutation spectrum of the EBS
phenotype, we demonstrated that this novel variant may disrupt
the L-12 domain of the KRT5 gene. The present study also details
the largest family with EBS reported from India.

HGV DATABASE
The relevant data from this Data Report are hosted at the Human
Genome Variation Database at http://dx.doi.org/10.6084/m9.fig
share.hgv.493.
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