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The complex genomics of single gene disorders
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Using genomic technologies we are beginning to identify some of the mechanisms underlying clinical variability in single gene
disorders.
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In this issue, Flanagan et al. use a Genome Wide Association Study
(GWAS) to identify possible genetic modifiers of phenotype in
Duchenne muscular dystrophy (DMD) [1]. The primary determi-
nant of severity is whether the dystrophin gene variant is in frame,
with residual Dystrophin (Becker dystrophy), or out of frame, with
little/no Dystrophin (Duchenne). Despite this, there is still
variability in age of loss of ambulation in DMD. The GWAS
implicated variation in 6 genes (ETAA1, PARD6G, GALNTL6,
MAN1A1, ADAMTS19, and NCALD) as modifying loss of ambula-
tion in DMD.
It is unclear if children with isolated single suture craniosynos-

tosis should have genomic testing. In a French series, 12.9% of
children with single suture craniosynostosis had an identifiable
single gene disorder [2]. They confirm the association of SMAD6
variants with metopic synostosis and neurodevelopmental delay.
This has clear implications for clinical practice.
Superimposed mosaicism is when an embryo inherits a single

variant in a recessive gene, and a post-zygotic second hit occurs in
the wild type allele. Asahina et al. provide an example of this in
the context of childhood Hailey-Hailey disease [3]. This can
account for variability in phenotypes and lower recurrence risk
than expected for a recessive disorder. Second variants in
recessive genes can be “missed” in clinical exome or genome
sequencing. Li et al. report 2 cases in which research analysis of
exomes found the second variant in trans, and discuss some
reasons why second variants are missed in recessive conditions
[4].
Loss-of-function and gain-of-function variants in the same gene

can operate by different mechanisms and result in different
phenotypes. Amenta et al. report 3 new people with CHAMP1-
syndrome and review the literature to demonstrate that loss-of-
function is associated with intellectual disability while gain-of-
function results in epilepsy [5]. Such observations help inform
variant interpretation, diagnosis and clinical counselling.
There remain many undiagnosed rare disease patients. Manzoor

et al. report a novel genetic condition associated with bi-allelic
DCAF13 variants [6]. The presentation was with a myopathy.
Disease onset was in the first 1-2 years of life. Detailed
neuromuscular studies such as muscle biopsy were not done.
Further clinical characterisation and identification of further
families will be required to confirm this as a novel neuromuscular
disorder. Undiagnosed patients may still have novel/undiscovered
genetic conditions.
Limitations in exome sequencing, such as inability to detect

copy number variants can also result in missed diagnoses.

Pennings and colleagues analysed exome data from 4800
probands for copy number variants and found a diagnosis in 2%
[7]. These included Parkin deletions and dystrophin copy number
variants. Where there is a clinical suspicion, specific testing for
relevant copy number variants should be considered if they are
not covered by local exome pipelines.
There is significant debate around the use of genome

sequencing for newborn screening. In this issue, an Australian
study finds that only 77% of parents would consider newborn
screening using genomic technologies compared to the 99%
current utilisation [8]. A majority of healthcare professionals also
felt that genome sequencing should not be used in newborn
screening. Numerous practical, educational and ethical require-
ments were identified before newborn genome screening could
be implemented in Australia. Van Steijvoort et al. report
experiences of Belgian couples after receiving reproductive carrier
screening, most were satisfied with the process - this approach
may hold lessons for genomic screening in other contexts [9].
Returning results of genome sequencing research projects to

participants is at times problematic. Vears et al. produced a
checklist of 7 items to define whether and how research genomic
sequencing data should be returned to participants including the
need for informed consent to receive such results, need for clinical
confirmation of identified variant and plans for follow up after
disclosure [10].
Genomic analysis of large patient cohorts remains a useful

research tool. Riedhammer et al. report exome sequencing of 86
people with congenital anomalies of the kidney and urinary tract
(CAKUT) [11]. Identifying a monogenic cause in 7 people, and
providing novel phenotypic information. All patients who had a
genetic diagnosis had bilateral renal disease. Using UK biobank
data, Cornejo-Sanchez et al. identify novel age related hearing loss
genes, including PIK3R3 [12]. That we can re-analyse genomic
datasets in a research setting is a major strength of such
technologies. However, research participants may not fully
appreciate the implications of such “immortal” data [13].
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