
Genetic
CLINICS

Official Publication of Society for Indian
Academy of Medical Genetics

Editor

Associate Editor

Assistant Editors

Office Bearers of SIAMG

President

Secretary

Treasurer

Executive Committee

Patron

Address for correspondence

DrShubhaR Phadke
Department of Medical Genetics, Sanjay Gandhi Postgraduate Institute of Medical Sciences, Raebareli Road,
     Lucknow-226 014 | EPABX : 0522-2668005-8 | Phone : 0522 249 4325, 4342 | E-mail : editor@iamg.in

ISSN : 2454-8774

Volume 12 | Issue 3 | July - September 2019

PhotoQuiz 45

GeNeViSTA

GeNeXprESS

PhotoQuiz

01

14

1818

1820

Table of Contents

Pseudogenes: Implications in
Disease and Diagnostics

Exome to Genome Sequencing:
Re-look Before You Leap!!

The Eyes See What the
Mind Knows!

06

Congenital Myopathies:
An Overview

Shubha R Phadke

Shubha R Phadke

Prajnya Ranganath

Prajnya Ranganath

Ashwin Dalal

Ashwin Dalal

Girisha KM

Girisha KM

Neerja Gupta

Ratna Dua Puri

Patil SJ

Sankar VH

Kausik Mandal

Parag Tamhankar

Meenal Agarwal

Anju Shukla

Shagun Aggarwal

Koumudi Godbole

Sumita Danda

Dhanya Lakshmi N

Verma IC

Madhulika Kabra

GeNeDit

GeNeViSTA

02

Aicardi-Goutières Syndrome -
Expanding the Phenotypic
Spectrum

Clinical Vignette



GeNeEvent - The Seventh International Conference on Rare and
Undiagnosed Diseases

The Seventh International Conference on Rare and Undiagnosed Diseases was hosted at Delhi NCR
from April 13th – 15th 2019. It was the official meeting of the Undiagnosed Diseases Network International
(UDNI), in conjunction with an initial meeting to address patient needs for Rare Disorders in India. It
was a collaborative meeting of the National Institutes of Health Undiagnosed Diseases Network (NIH
UDN), Institute of Medical Genetics and Genomics, Sir Ganga Ram Hospital New Delhi, Organization of
Rare Diseases India (ORDI), CSIR-Institute of Genomics and Integrative Biology (IGIB), and the Wilhelm
Foundation, Sweden.

The meeting highlighted the current status of diagnosis of rare disorders, newborn screening, research
collaborations, and patient groups and their importance in the arena of rare disorders. The inaugural
talk on the vision and way forward of the UDNI was delivered by Dr William Gahl, Director of the NIH
UDN. A unique aspect of this conference was its linking with the meeting of the UDNI. The UDNI network
(http://www.udninternational.org/), of which India is also a member, is concerned with diagnosis
and research related to patients who remain undiagnosed despite extensive clinical evaluation. The
program aims to work collaboratively and at an international scale for patients who do not get a diagnosis
despite expert evaluation. The purpose of the discussion within the UDNI agenda was to solidify plans to
share data as a consortium of international undiagnosed diseases programs, to promote the diagnosis
of rare diseases and the discovery of new diseases, and to foster the elucidation of new mechanisms
and pathways. To this effect diagnosed and undiagnosed cases were presented to elicit suggestions for
diagnosis. The undiagnosed cases are required to be submitted to Phenome Central keeping with the
charter of the UDNI.

The meeting was well attended, with more than 250 registrations, by students, young scientists, and
senior and young geneticists of the country. Many international experts working in the area of rare
disorders participated in the conference. The meeting concluded on a very positive note with a hope to
enhance efforts for diagnosis and treatment of patients with rare, undiagnosed disorders in India.

Contributed by:
Dr Ishwar Verma, Advisor
Dr Ratna Dua Puri, Chairperson
Institute of Medical Genetics & Genomics,
Sir Ganga Ram Hospital, New Delhi
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The Eyes See What the Mind Knows!
Editorial

Clinical acumen had and will continue to have
a very important role in the diagnosis of patients.
This was a matter of pride for senior clinicians
and as students we used to admire teachers for
diagnosing rare disorders and rare clinical presen-
tations. Investigations were done to confirm the
diagnosis and stamp the clinical expertise of an
experienced physician. This clinical expertise was
very important especially in the practice of medical
genetics where there are more than 5000 pheno-
types andmost of the disorders are extremely rare.
Then the databases of genetic disorders like LMD
(London Medical Database), POSSUM (Pictures of
Standard Syndromes and Undiagnosed Malforma-
tions) and OMIM (Online Mendelian Inheritance in
Man) came to the aid of clinical geneticists. It is said
that these databases are not experts but they are
for the experts. These were very useful to get a list
of possible phenotypes which a clinical geneticist
could consider in differential diagnosis. Review
of literature and comparison of photographic im-
ages were required before coming to the logical
conclusion about diagnosis. This would pave way
for confirmatory test like Sanger sequencing of a
candidate gene.

We were looking at a future where causative
genes for all disorders would be known and one
gene for each phenotype would take care of all
phenotypic overlapping syndromes and classifica-
tion of disorders. Next generation sequencing
(NGS) ushered in a new era where all genes can
be sequenced in one go and a lot is now known
about monogenic disorders. This has increased
the diagnostic rates but still more than 30 to 50%
cases remain undiagnosed. These need clinical
revaluation, reanalysis of NGS data and review of
latest literature. The improved diagnostic yield
of cases by relooking at the data as the new
information of genes and phenotypes keeps on
pouring in every month is emphasized in the
articles discussed in the GenExpress of this is-
sue. Clinical re-evaluation of each patient after a
positive result of a pathogenic / likely pathogenic
sequence variation has also become very essential
with NGS-based diagnosis as most of the sequence
variations identified are novel and correlation with

phenotype is an important supportive evidence for
deciding the pathogenic nature of the sequence
variation. Post NGS result, clinical re-evaluation is
also needed due to a great degree of phenotypic
and genetic heterogeneity and overlapping pheno-
typic features. This is the message of the review
article on approach to congenital myopathies; the
diagnosis of such a homogeneous phenotype was
very challenging and tedious in the preNGS era.

Hence re-evaluation after identification of likely
pathogenic variation, relooking at NGS data for
re-mining for cases without a genetic diagnosis,
and re-evaluation of patients as they grow and
the phenotype evolves needs to be reiterated.
There may be debates about the responsibility
of re-contacting the patient; it is important to
educate patients with rare disorders about the
need for regular follow up. Keeping the families
with untreatable and undiagnosed disorders un-
der follow up is a challenge and needs a good
rapport. Uncertainty of diagnosis and uncertainty
of the pathogenic nature of the test result may
be seen as failure of the geneticist and may be
also a failure of science by the patient’s family.
Regular follow up is essential not only for reaching
a diagnosis but also for informing them about
emerging new treatments which is a true hope,
though of unknownmagnitude. Also one should be
on guard while following patients with novel likely
pathogenic sequence variations. Some of them
might get reported in other patients with similar
phenotype while the possibility of some changing
to benign variants over the next few years cannot
be entirely ruled out. In that case one has to start
from point zero [back to square one].

The eyes see what the mind knows and the
physician can diagnose what medical science
knows! Genetic science is progressing fast and
medical geneticists need to be on their toes. Reju-
venate and re-energise yourself for the additional
clinical acumen demanded by the NGS era.

Dr. Shubha Phadke
1st July, 2019
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Aicardi-Goutières Syndrome -
Expanding the Phenotypic Spectrum

Ami Shah1, Snehal Mallakmir1, Mitusha Verma2, Rashid Merchant1
1Genetic Clinic, Department of Pediatrics, Nanavati Super Specialty Hospital, Mumbai, Maharashtra, India

2Department of Radiology, Nanavati Super Specialty Hospital, Mumbai, Maharashtra, India

Correspondence to: Dr Ami Shah Email: drami.rajesh.shah@gmail.com

Abstract

Aicardi-Goutières syndrome (AGS) is a rare inher-
ited autosomal recessive condition. A number of
different phenotypic presentations of AGS have
been identified in recent years. This report de-
scribes an infant with AGS type 1, who presented
with a neonatal lupus-like phenotype.

Introduction

First described in 1984, Aicardi-Goutières syn-
drome (AGS) is an inherited early onset subacute
encephalopathy with basal ganglia calcification and
persistent cerebrospinal fluid (CSF) lymphocytosis
(Livingston et al., 2016). Neonatal presentation
is not rare and often confused with intra uterine
infections (Abdel-Salam et al., 2004). Availability of
focused and whole exome sequencing in the last
decade has added to its genotypic – phenotypic
spectrum. Over time, new features often mimick-
ing Systemic lupus erythematosus (SLE) have been
recognised (Ramantani et al., 2010). Recognition of
the role of the type 1 interferon pathway in the
pathogenesis of AGS has explained its phenotypic
overlap with SLE and it is now reclassified as a
genetic interferonopathy (Eleftheriou et al., 2017).
It is important for clinicians to be aware of newer
features and the differential diagnosis of AGS. We
describe an infant of AGS type 1 who presented
with persistent skin rash resembling neonatal
lupus.

Patient Details

A 6-month old boy, second born to a 5th degree
consanguineous couple, with a normal antenatal
history and birth weight of 2.9 kg, was brought with
complaints of developmental delay and an ery-

thematous non-pruritic skin rash observed since
the last 1 month. There was history of excessive
crying in the first month with normal neurological
features, which subsided spontaneously. An elder
male sibling, detected with intracranial calcification
in the periventricular and thalamic region on
brain ultrasonography in the neonatal period, and
suspected to have sepsis, had expired at 20 days
of age. No further details of this sibling were
available.

On examination he had microcephaly, bilateral
simian crease and hemihypertrophy of the right
side. Systemic examination showed spasticity of all
limbs with brisk reflexes, hepatosplenomegaly and
a soft systolic murmur. An erythematous macular
rash involving the whole body was present which
was clinically suspected to be urticarial rosacea
(Figure 1A). He was admitted at 10 months of
age with high grade fever without localization and
normal investigations, suggestive of aseptic fever.

Routine blood investigations including liver and
thyroid functions were normal, except for mildly
raised hepatic transaminases. Skin biopsy showed
cutaneous mastocytosis suggestive of urticarial
rosacea. 2 D Echocardiography detected a small
atrial septal defect and abdominal ultrasound was
normal. Magnetic resonance imaging (MRI) of
the brain showed diffuse lack of myelination in
the cerebral hemispheres, internal capsule and
the cerebellar white matter. There was thinning
of the corpus callosum, hypoplasia of pons and
parenchymal atrophy with cortical thinning and
a wide sylvian fissure. There were multiple
echogenic foci in bilateral deep cerebral white
matter and lentiform nuclei which were confirmed
to be calcifications on a Computed tomography
(CT) scan of the brain. (Figures 1B-D)
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Figure 1 A - Clinical photograph showing gen-
eralized erythematous macular rash in
the child. B - Axial plain CT scan image
of the brain showing foci of calcification,
with predominant periventricular distri-
bution. C - Axial T2 W MRI image of the
brain showing presence of abnormal
white matter, hyperintense T2 signal
in an irregular fashion in subcortical
regions and evidence of white matter
rarefaction. D - Axial FLAIR image
of the brain showing temporal horn
prominence and atrophic changes.

Maternal TORCH serology titers showed raised
IgG levels for rubella, cytomegalovirus and herpes
simplex virus. Polymerase chain reaction (PCR)
test for rubella, toxoplasma, cytomegalovirus and
herpes simplex virus in the proband’s blood and
for Zika virus in his urine were negative. Clinical
exome sequencing of the child performed after
informed consent revealed a homozygous variant
c.377_378dup (p.Ala127Trpfs*17) in the 3-Prime
Repair Exonuclease 1 (TREX1) gene which has
been described previously as disease-causing for
Aicardi-Goutières syndrome (AGS) type 1 (HGMD
Professional 2017) (Rice et al., 2007). This
variant has previously been reported in gnomAD
(Genome Aggregation Database) with a minor
allele frequency of 0.000012 and is absent in
the Exome Sequencing Project (ESP) and 1000

Genomes databases. It is classified as pathogenic
(class 1) as per the American College of Medical
Genetics and Genomics (ACMG)/ Association of
Molecular Pathology (AMP) guidelines. The parents
did not consent for carrier testing.

Discussion

We report a case of AGS caused by homozygous
TREX1 gene mutation who presented with the clas-
sical triad of encephalopathy, neurodevelopmental
delay, white matter abnormalities with intracranial
calcifications and an unusual skin rash suggestive
of mastocytosis. This type is frequently associated
with the neonatal presentation as seen in our
case and may imply in utero onset of the disease
(Livingston et al., 2016; Rice et al., 2007).

So far 7 causative genes - TREX1, RNASEH2A,
RNASEH2B, RNASEH2C, SAMHD1, ADAR1 and IFIH1
with largely autosomal recessive inheritance, and a
few (TREX1, ADAR1, IFIH1) with dominant inheritance
have been identified (Livingston et al., 2016) to
cause the AGS phenotype. All have similar clinical
and radiological features and can be differentiated
only by genetic testing. These genes encode
proteins involved in DNA metabolism, dysfunction
of which results in accumulation of endogenous
nucleic acid by-products which triggers an innate
immune response and subsequent activation of
the type 1 interferon pathway (Eleftheriou et
al., 2017). Evidence for abnormal interferon
activity has been demonstrated soon after AGS
was described, by detection of elevated levels
of interferon 𝛼 in the cerebrospinal fluid (CSF)
and in blood, along with an “interferon signature”
(Abdel-Salam et al., 2004). Though we could not
document it in our patient due to lack of parental
consent, we had highlighted its role with other
markers like 5-methyl tetrahydrofolate, biopterin
and neopterin in a previous case report of AGS
with a homozygous mutation in the RNASEH2C
gene (Merchant et al., 2016).

These biomarkers help distinguish AGS from
multiple acquired and genetic conditions with
overlapping phenotypes of microcephaly, early
onset progressive encephalopathy and intracranial
calcifications. Congenital infections like TORCH
and Zika virus are well known differentials which
can be ruled out by negative serological markers
as in our case. Pseudo- TORCH is another
overlapping syndrome, distinguished by the MRI
brain finding of polymicrogyria. Neonatal lupus
erythematosus may show radiological features of
AGS but extensive erythematous rash and normal
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Table 1 Comparison of gene specific phenotype in the current patient and previously reported cases of
Aicardi-Goutières Syndrome (Rice et al., 2015; Livingston et al., 2016; Merchant et al., 2016).

Features
TREX1
gene-

associated

RNASEH2C
gene-

associated

Current
patient (TREX1

gene-
associated)

Patient previously
reported by the

authors (RNASEH2C
gene-associated)

Developmental delay ! ! ! !

Regression ! ! !

Epileptic seizures ! ! !

Motor disorder
(dystonia/spasticity) ! !

!
(spasticity)

!
(spasticity)

Eye movement abnormalities ! ! !

Spastic paraparesis ! !

Large vessel disease
(stenosis/Moyamoya disease/

aneurysms)
!

White matter abnormality and
intracranial calcification ! ! ! !

Cerebral atrophy ! ! !

Recurrent sterile fevers ! ! !

Autoimmune features ! ! !(Rash)

Glaucoma ! !

Hematological abnormality:
Neonatal thrombocytopenia/
bone marrow suppression

! !

Hypertrophic cardiomyopathy ! !

Joint contractures ! !

neurologic outcome are its distinctive features
(Abdel-Salam et al., 2004).

Over time the phenotype of AGS has expanded
to include non-neurological features like glaucoma,
cardiomyopathy and endocrine abnormalities.
Amongst these, hepatomegaly, thrombocytopenia,
transaminitis and hypothyroidism are common in
TREX1mutation (Rice et al., 2007; Crow et al., 2015).
They may evolve with age and should be included
in health surveillance during follow up. Bilateral
simian crease and right side hemihypertrophy
observed in our patient have not been reported
so far in AGS, but since the parents were unwilling
for any additional tests, we could not do further
evaluation to explain these findings. Heterozygous
mutations in TREX1 have also been reported with
non AGS phenotypes namely familial chilblain
lupus and retinal vasculopathy with cerebral
leukodystrophy (Rice et al., 2015). Chilblain lesions

are the commonest skin manifestation, reported
in 40% of AGS cases (Hebbar et al., 2018). Though
absent in our patient, we noted a persistent rash
with histological finding of cutaneous mastocytosis
which may be seen in SLE.

High prevalence of SLE features such as
thrombocytopenia, leukocytopenia, antinuclear
antibodies, aseptic fever, erythematous lesions,
oral ulcers, and arthritis have been reported
in AGS, with increased prevalence in TREX1 and
RNASEH mutations (Ramantani et al., 2010). Only
rash and aseptic fever were present in our patient
and none were found on review of our previously
reported AGS with RNASEH2C mutation. We also
compared the genotype - phenotype spectrum of
these 2 patients. (Table 1)

So far only supportive management is available
for AGS. Corticosteroids may show some benefit
for cutaneous lesions but do not improve the
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neurological outcome. Novel treatment strategies
like interferon (IFN) blockers and endogenous
retroviruses in activation of nucleic acid receptors
are now being researched after its reclassification
under interferonopathies (Eleftheriou et al., 2017).

Conclusion
This case highlights the expanding phenotypic
and genotypic spectrum of AGS. We suggest that
neonatal lupus should be considered as a differen-
tial for AGS in addition to intrauterine infections
and other causes of intracranial calcification. Many
non-neurologic features are mutation specific and
evolve with age, thus genetic diagnosis is important
to explain the prognosis and subsequent health
surveillance. Insights derived from the pathogen-
esis of this disorder could open the possibility of
new biomarkers and treatment strategies.
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Abstract
Congenital myopathies (CM) are a clinically and
genetically heterogeneous group of disorders
affecting the skeletal muscles. Hypotonia, hy-
poreflexia and muscle weakness are common
clinical presentations but the severity can be
very variable ranging from the severe form with
death in early infancy to the milder form with
survival until adulthood. Most types have typical
histopathological features which help in character-
ization, but molecular genetic testing helps in more
definitive etiological diagnosis. An overview of the
classification, clinical presentations, histopatho-
logical features and management of congenital
myopathies is presented here.

Introduction
Congenital myopathies (CM) are heterogeneous
with respect to their clinical presentations, patho-
logic features and molecular genetic bases. CMs
have been traditionally classified on the basis

of clinical features and muscle biopsy findings.
However, with advances in genetic testing, it has
been identified that these myopathies are associ-
ated with specific genes and now the approach
to the diagnosis of CMs is slowly shifting from
a “phenotype down” approach to “genotype up”
one (North, 2011). The International Standard
of Care Committee for Congenital Myopathies
has outlined certain key features common to all
congenital myopathies and the specific features
of different genetic subtypes (North et al. &
International Standard of Care Committee for
Congenital Myopathies, 2014).

Pathophysiology

Studies on cell lines, patient tissues and animal
models have helped to understand the pathophys-
iology underlying CMs. The main mechanisms
identified to be associated with CMs include
defects in excitation–contraction coupling, defects
in thin–thick filament assembly and interactions,

Table 1 Classification of congenital myopathies based on muscle histopathology.

Structured
abnormalities on
muscle biopsy

1. With protein
accumulation

i. Nemaline myopathy
ii. Cap disease
iii. Myosin storage (hyaline body) myopathy
iv. Reducing (zebra) body myopathy
v. Intranuclear rod myopathy
vi. Actin myopathy

2. With cores i. Central core disease
ii. Multiminicore disease
iii. Core-rod myopathy

3. With central nuclei i. Myotubular myopathy
ii. Centronuclear myopathy

Non-structured
abnormalities on
muscle biopsy

4. With fiber size
variation

i. Congenital fiber type disproportion
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mitochondrial dysfunction, and imbalance in pro-
tein synthesis or degradation (Jungbluth et al.,
2018; De Winter et al., 2017; Ravenscroft et al.,
2015). However, the precise pathophysiological
basis for many of the CMs remains obscure.

Classification
Congenital myopathies are traditionally classified
based on the predominant pathologic feature
observed under light and electron microscopy
as listed in Table 1 (North et al. & Interna-
tional Standard of Care Committee for Congenital
Myopathies, 2014).

Molecular Genetic Basis
The genetics of congenital myopathies with re-
spect to the histopathological types is complex.
One histopathologic type of CM can be caused
by mutation(s) in any one of multiple different
genes (genetic heterogeneity) and mutations in the
same gene can lead to different types of CMs.
Moreover, there can be significant intrafamilial
and interfamilial variability in severity even for
the same gene mutation (North, 2011; North et
al. & International Standard of Care Committee
for Congenital Myopathies, 2014). Genotype and
phenotype correlations of congenital myopathies
are hindered by the clinical variability of the
phenotype but certain specific features may point
to the involvement of a particular gene. Table 2
lists the various genes known to be associated with
CMs and their patterns of inheritance.

Clinical Manifestations
Common clinical presentations of CMs include
hypotonia, hyporeflexia and muscle weakness
which can overlap with other neuromuscular dis-
orders including congenital muscular dystrophies,
spinal muscular atrophy, congenital myasthenic
syndromes, congenital myotonic dystrophy and
metabolicmyopathies. Certain features of diagnos-
tic importance include facial weakness associated
with ptosis/ophthalmoplegia, bulbar and respira-
tory weakness and orthopedic complications like
pectus carinatum and kyphoscoliosis. The severity
may range from profound weakness in neonates
with death in early infancy to mild weakness and
survival to adulthood (North, 2011). Most of
the congenital myopathies have generalized or
proximal muscle weakness. Some have prominent
axial or respiratory muscle weakness or weakness

Table 2 Genes associated with congenital my-
opathies.

Nemaline myopathy
Gene Pattern of

Inheritance

NEB (Nebulin) AR

ACTA1 (Alpha skeletal muscle
actin)

AR/AD

TPM3 (Alpha tropomyosin) AR/AD

TPM2 (Beta tropomyosin) AD

TNNT1 (Troponin) AR

KLHL40 (Kelch-like family 40) AR

KLHL41 (Kelch-like family 41) AR

KBTBD13 (Kelch Repeat- and
BTB/POZ domain-containing
protein)

AD

LMOD3 (Leiomodin 3) AR

CFL2 (Cofilin 2) AR

Central core and Multi mini core myopathy
RYR1 (Ryanodine receptor) AD/AR

TTN (Titin) AD

Centronuclear myopathy
MYM1 (Myotubularin) XL

DNM2 (Dynamin) AD

BIN1 (Bridging integrator) AR

CCDC78 (Coiled-coil domain
containing protein 78)

AD

SPEG (Striated muscle
preferentially expressed
protein)

AR

ZAK (Leucine zipper and sterile
alpha motif containing kinase)

AR

RYR1 (Ryanodine receptor) AR

Congenital fiber type disproportion
TPM3 (Alpha tropomyosin) AD/AR

SELENON (Selenoprotein N) AD/AR

ACTA1 (Alpha skeletal muscle
actin)

AD/AR

AR – Autosomal recessive; AD – Autosomal dominant;
XL – X-linked
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of ankle dorsiflexion. Cardiac involvement is un-
usual in congenital myopathies except in patients
with variants in genes encoding titin (TTN) and
myosin heavy chain 7 (MYH7). Table 3 lists some
of the clinical features which are specific to certain
types of congenital myopathies and can help in
narrowing down the possible genetic diagnoses.

Clinical Approach
A systematic clinical approach helps in appropriate
assessment and management of the patient and in
accurate interpretation of the results of molecular
genetic tests.

Table 3 Clinical clues to the etiological diagnosis of congenital myopathies.

Clinical feature Type of congenital myopathy Genes involved
Neonatal onset • Nemaline myopathy• Core myopathy• Centronuclear myopathy

• NEB, ACTA1, TPM3, TPM2, TNNT1,
KLHL40, LMOD3• RYR1• MTM1

Mild course with
survival into adulthood

• Central core myopathy• Centronuclear myopathy
• SEPN1• MTM1, DNM2

Macrocephaly • Centronuclear myopathy
(X-linked myotubular myopathy
-severe neonatal form)

• MTM1

Facial involvement • Nemaline myopathy• Centronuclear myopathy

• NEB, ACTA1, TPM3, TPM2, TNNT1,
KLHL40, LMOD3, KLH41• MTM1, DNM2, RYR1

Ptosis • Central core myopathy• Multi mini core myopathy• Centronuclear myopathy

• RYR1/SEPN1• SEPN1/RYR1• MTM1, DNM2, RYR1
Ophthalmoplegia • Centronuclear myopathy• Central core myopathy• Multi mini core myopathy

• MTM1, DNM2, RYR1• RYR1• SEPN/RYR1
Neck muscle weakness • Nemaline myopathy • ACTA1
Severe respiratory
involvement at birth

• Nemaline myopathy• Core myopathy• Centronuclear myopathy

• TPM3, TNNT1, KLHL40, LMOD3• RYR1• MTM1
Cardiomyopathy • Nemaline myopathy• Core myopathies (Central core

and Multi minicore)

• TPM2, ACTA1• MYH7, TTN

Predominant axial
hypotonia

• Core myopathy • RYR1

Joint contractures • Nemaline myopathy• Central core myopathy• Centronuclear myopathy

• TPM2, TNNT1, KLHL40,• RYR1• MTM1, RYR1
Kyphoscoliosis • Nemaline myopathy• Core myopathy

• NEB• RYR1, SEPN1
Foot drop/pes cavus • Nemaline myopathy• Multi mini core myopathy• Centronuclear myopathy

• NEB, TPM3, TPM2• MYH7• DNM2
Malignant
hyperthermia

• Central core myopathy• Multi minicore myopathy• Centronuclear myopathy

• RYR1• RYR1• RYR1
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• History/ Clinical examination: History of de-
creased fetal movements, early neonatal death due
to respiratory insufficiency, floppiness and failure
to thrive due to feeding difficulty during infancy,
motor developmental delay, difficulty in walking
and a waddling gait, and difficulty in climbing
stairs and getting up from a sitting or squatting
position, with or without history of similar features
in other family members, suggest the possibility
of a congenital myopathy. Clinical examina-
tion findings include myopathic facies, hypotonia,
diminished deep tendon reflexes, reduction in
muscle power more significantly in the axial and
proximal limb muscles, and joint laxity. There is
significant overlap between the clinical features of
CMs with other genetic neuromuscular disorders.
Clinical features of tongue fasciculations, facial
dysmorphism other than myopathic faces, rapid
progression and extreme joint laxity may be
pointers for an alternative diagnosis.• Differential diagnosis: The following con-
ditions can have significant phenotypic overlap
with CMs and should be considered as possible

differential diagnoses.

a. During infancy: Spinal muscular atrophy
(SMA) type 1, congenital muscular dystrophies
(CMD), congenital myotonic dystrophy, congenital
myasthenic syndromes (CMS), metabolic my-
opathies, Prader–Willi syndrome and congenital
hypomyelinating neuropathy can have overlapping
phenotypic features. Table 4 lists the features
that help to differentiate these conditions from
congenital myopathies.

b. During childhood and in adults: Limb-girdle
muscular dystrophies, SMA types 3 and 4, myotonic
dystrophy, hereditary motor sensory neuropathy
(HMSN) and acquired causes including autoim-
mune and inflammatory myopathies can mimic
the milder forms of congenital myopathy which
have survival until adulthood. Table 5 lists the
features that help to differentiate these conditions
from congenital myopathies.• Laboratory evaluation: The following labo-
ratory evaluation is done in patients presenting
with a CM phenotype:

Table 4 Differential diagnoses for congenital myopathies presenting with significant floppiness during
infancy.

Disorder Differentiating features
Spinal muscular atrophy type 1 Sparing of facial muscles, tongue fasciculations, normal/raised

serum CPK, denervation pattern in ENMG
Congenital muscular dystrophy Sparing of facial muscles, calf muscle hypertrophy

(dystroglycanopathies), distal joint laxity (collagen VI associated),
raised serum CPK, dystrophic changes in muscle biopsy, neuronal
migration defects (dystroglycanopathies) and T2-white matter
hyperintensity (merosin deficiency) in MRI brain

Congenital myotonic dystrophy Myotonia in the mother, evidence of myotonia in EMG
Congenital myasthenic
syndrome

Ptosis and ophthalmoplegia, single-fiber EMG/RNS showing
specific pattern of myasthenia with absence of acetyl choline
receptor antibodies

Metabolic myopathies Central nervous system involvement, raised serum or CSF lactate,
ragged red fibers on muscle biopsy - mitochondrial cytopathy
Elevated ammonia, metabolic acidosis, abnormal plasma amino
acid and urine organic acid screen - inborn errors of small
molecule metabolism
Hepatomegaly with hypertrophic cardiomyopathy - Pompe disease

Prader-Willi syndrome Feeding difficulty with failure to thrive, marked hypotonia with
normal ENMG

Congenital hypomyelinating
neuropathy

Slowing of nerve conduction velocity in NCS and denervation
pattern in ENMG

Serum CPK – serum creatine phosphokinase; EMG – Electromyography; ENMG – Electroneuromyography;
RNS – Repetitive nerve stimulation study; NCS – Nerve conduction study; CSF – cerebrospinal fluid
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Table 5 Differential diagnoses for milder forms of congenital myopathies.

Disorder Differentiating features
Limb-girdle muscular dystrophies Facial muscle sparing, calf muscle hypertrophy, cardiac

involvement, progressive symptoms, elevated serum CPK
Spinal muscular atrophy types 3
and 4

Facial muscle sparing, normal to slightly raised serum CPK,
denervation pattern in ENMG

Myotonic dystrophy Grip myotonia and percussion myotonia, evidence of myotonia in
EMG

Hereditary motor and sensory
neuropathy

Facial muscle sparing, predominant distal muscle weakness, NCS
suggestive of demyelinating or axonal neuropathy

Acquired: Inflammatory
Disorders/ Autoimmune disorders

Muscle pain, other systemic features of autoimmune conditions
including arthritis and rashes, presence of inflammatory
markers, response to immunosuppressive therapy

Serum CPK – serum creatine phosphokinase; EMG – Electromyography; ENMG – Electroneuromyography;
NCS – Nerve conduction study

a. Serum CPK: is usually within normal limits or is
only mildly elevated in CMs.

b. Electromyography (EMG): shows myopathic
changes or may be normal.

c. Nerve conduction study (NCS): is usually normal
but low-amplitude motor responses may be
seen if there is marked loss of muscle bulk.

Figure 1 A neonate with the severe congenital-
onset form of nemaline myopathy with
respiratory insufficiency since birth and
multiple congenital joint contractures.

• Muscle biopsy: Most congenital myopathies
can be diagnosed using muscle biopsy followed
by light microscopy and electron microscopy,
unlike cases of muscular dystrophies where im-

munohistochemical studies are needed. Electron
microscopy helps in histopathological diagnosis
of subtypes of congenital myopathies. However,
with the availability of next generation sequencing
in recent years and the consequent ease of
molecular diagnosis and accurate characterization,
many clinicians prefer to defer muscle biopsy due
to its invasive nature. But muscle biopsy can
help to corroborate the diagnosis in cases where
molecular genetic testing identifies novel variants
or variants of unknown significance and also helps
in characterization when genetic evaluation does
not yield the diagnosis.

The typical histopathology findings in different
types of CMs are as follows:

a. Nemaline myopathy: The biopsy shows char-
acteristic nemaline rods (‘nema’ in Greek=thread)
onmodified Gomori’s trichrome stain (MGT) (Figure
2). These appear as red colored rods in clusters at
the centre or periphery of the fibers and are seen
in all fiber types. At later stages of disease, the
biopsy can reveal changes of chronicity like fatty
infiltration, fibrosis and fiber splitting. On electron
microscopy (EM) rods have a lattice structure
similar to the Z-line and can show continuity with
the Z-line.

b. Core myopathy: The core myopathies are
characterized by presence of central cores on
staining with the oxidative stains succinic dehydro-
genase (SDH), nicotinamide adenine dinucleotide
(NADH) and cytochrome oxidase (COX) (Figure
3A). These are areas of absent oxidative enzyme
stain on muscle biopsy that reflect the absence
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Figure 2 Muscle biopsy with modified Gomori
trichrome (MGT) staining (100X) show-
ing presence of red colored nemaline
rods in the periphery as well as in
the centre of the fibers in nemaline
myopathy.

of mitochondria. These cores run along the
longitudinal axis of the muscle fiber and may be
central, peripheral, more than one per fiber and
of variable size (Dubowitz et al., 2013). On elec-
tron microscopy, these cores may be structured
(without any disruption of the intrinsic sarcomeric
structure) or unstructured (with disruption of sar-
comeric structure) with absence of mitochondria
in the cores. Unlike central cores, minicores
are identified as multiple focal areas devoid of
oxidative enzyme activity which appears only as
uneven stain on transverse section (Figures 3B&C).

c. Centronuclear myopathy: The characteristic
feature is the presence of internalized and central
nuclei (Figures 4 A & B). The biopsy in X-linked
myotubular myopathy reveals fiber atrophy with

many fibers showing centralized nuclei resembling
myotubes; these are seen on longitudinal section
as a row of nuclei. The central nuclei have reduced
ATPase reaction and increased periodic acid-Schiff
(PAS) and oxidative enzyme staining surrounded
by a clear halo (Romero & Bitoun, 2011). Electron
microscopy shows central nuclei with aggregates
of mitochondria.

d. Congenital fibre type disproportion: Patients of
CFTD associated with known genetic abnormalities
show type 1 fibers that are generally at least 40%
to over 80% smaller than type 2 fibers (Figures 5 A
& B).

It is important to emphasize that each of
these structured and non-structured abnormalities
described on biopsy can be seen in various other
disorders including muscle degeneration, aging,
metabolic changes, muscular dystrophies and even
exercise induced changes. Therefore, it is essential
that these changes are interpreted in the light of
complete clinical examination and genetic results
for a definite diagnosis of congenital myopathy.• Muscle imaging: Magnetic resonance imag-
ing (MRI) of muscles can help to differentiate
between different forms of congenital myopathies
based on the pattern of selective muscle involve-
ment. Imaging also helps in identifying the exact
site from where the muscle biopsy has to be taken
and has been used along with muscle biopsy to
prioritize gene testing in the pre-NGS era.• Molecular genetic testing: Molecular ge-
netic testing is now the preferred modality for
confirmation of the clinical diagnosis of congenital
myopathy and for exact characterization of the
subtype, and is being used as the first line
confirmatory test in place of muscle biopsy in
many centres. Apart from accurate diagnosis for

A B C

Figure 3 Muscle biopsy showing features of Core myopathy. A. Central area of absence of oxidative
staining on NADH representing central cores (100X); B. & C. Multiple areas of absence of
oxidative enzyme activity on NADH representing minicores.
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Figure 4 Muscle biopsy with hematoxylin and eosin (H&E) staining showing features of centronuclear
myopathy. A. Transverse section of muscle biopsy showing central nuclei (40X); B. Central
nuclei are seen arranged in rows (40X).

Figure 5 Muscle biopsy showing features of Congenital fibre type disproportion. A. Transverse section
of muscle biopsy showing atrophic fibers (H&E 40X). B. Atrophic type I fibers seen with ATPase
staining (40X).

the proband, identification of the exact genetic
etiology helps in accurate assessment of the
risk of recurrence in other family members, in
presymptomatic screening and carrier testing of
other at-risk family members and in prenatal
genetic testing to prevent recurrence in the family.

Availability of next generation sequencing (NGS)
has significantly reduced the cost and time for
molecular genetic testing for CMs. NGS has also
vastly improved the mutation detection rate and
helped in identification of many novel genes and
gene variants related to CMs (Gonorazky et al.,
2018). NGS-based congenital myopathy-associated
multigene sequencing panel or Focused exome
sequencing panel can be used as the first-tier
test and if no significant variants are found,
Whole exome sequencing and/or Whole genome
sequencing can be done further. RNA sequencing
(RNA-seq) is likely to result in improved diagnostic
yield for congenital myopathies in unsolved cases
(Ravenscroft et al., 2018).

Management
There are no definite curative therapies available at
present for any of the congenital myopathies. Mul-
tidisciplinary management involving Neurology,
Pulmonology, Gastroenterology, Clinical Genetics,
Orthopedics and Physiotherapy is required for
optimum care of affected individuals (Wang CH, et
al). In the less severe cases, as the disorder is
nonprogressive, good supportive care and physical
therapy to maintain mobility and reduce joint con-
tractures, and aggressive treatment of respiratory
problems can help achieve a satisfactory outcome
and better life expectancy. Management includes
supportive and symptomatic care in the form of:• regular physiotherapy for maintenance of

muscle power and function and for improv-
ing cardiorespiratory capacity• assessment of feeding difficulty to determine
the need for gastrostomy insertion for early
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onset severe forms• regular monitoring of respiratory capacity
and signs of nocturnal hypoventilation and
hypoxia every 6-12 monthly• conservative treatment of contractures at the
initial stages to avoid surgery• care of scoliosis by bracing and surgery if
required• avoidance of anesthetic drugs associated
with malignant hyperthermia (especially for
individuals with RYR1 gene mutation)

Genetic Counseling

Following accurate diagnosis of the affected in-
dividual, appropriate genetic counseling can be
provided to the patient and the family about
the nature of the disorder, natural course and
prognosis, available management options and the
surveillance/ monitoring plan. Based on the identi-
fied underlying genetic etiology, the exact pattern
of inheritance i.e. autosomal dominant, autosomal
recessive or X-linked can be clearly ascertained and
the risk of recurrence in subsequent pregnancies in
the family can be determined. Prenatal diagnosis
can be offered for at-risk pregnancies through
targeted mutation analysis after identifying the
exact pathogenic variant(s) in the affected proband
and/ or carrier parents. Variable expressivity
(ranging from mild to severe) even amongst
affected members of the same family for certain
autosomal dominant congenital myopathies such
as RYR1 gene-associated central core disease can
make counseling, especially about the prognosis
and postnatal outcome, difficult.

Recent Advances

Certain therapeutic modalities for congenital my-
opathies are being investigated. Tyrosine has
been reported as a beneficial supplement for
nemaline myopathy mainly for sialorrhea (Ryan
et al., 2008). N-acetylcysteine is being tried as
an antioxidant therapy for RYR1-related congenital
myopathies (Dowling et al., 2012). Pyridostigmine,
an acetylcholinesterase inhibitor, has been re-
ported in some studies to show significant clinical
improvement in centronuclear myopathy. A single
intravenous dose of AAV8 hMTM1 for X-linked
myotubular myopathy is under Phase I/II clinical
trials (ASPIRO trial, ClinicalTrials.gov).

Conclusion
Congenital myopathies are an important group of
genetic neuromuscular disorders. Precise genetic
diagnosis has important implications for disease
management, monitoring for potential compli-
cations, avoidance of anesthetic complications,
for genetic counseling and screening of other
family members, and for prenatal diagnosis of
subsequent pregnancies in the family to prevent
recurrence.
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The genome is the complete set of deoxy-
ribonucleic acid (DNA) in an organism. Human
cells contain two copies of the haploid genome
consisting of 3 × 109 base pairs of DNA. Only
1-2% of the mammalian genome codes for the
protein function and remaining codes for repeti-
tive elements and non-coding regions. Repetitive
elements include transposons and Alu elements.
The gene is a hereditary unit of DNA. About 25,000
genes are encoded in the DNA, which is organized
into structures known as chromosomes. Unique
non-coding sequences known as pseudogenes are
present in 15% of the human genome.

Organization of the human genome

Human genome consists of nuclear and mito-
chondrial genome. The nuclear genome consists

of protein coding (1%) and non-coding regions.
The protein coding part consists of exons and
the non-coding part includes pseudogenes, gene
fragments, introns, untranslated regions, repetitive
DNA etc. (Figure 1).

What are Pseudogenes and why are
they important?

Pseudogenes are also known as junk DNA. These
are present in the noncoding part of the human
genome. Pseudogenes have a lot of resemblance
to functional genes but have accumulated mu-
tations which have inactivated them during the
course of evolution. Pseudogenes can arise due to
tandem duplication of normal genes and accumu-
lation of several mutations in them, which leads to
loss of the ability of gene expression. Pseudogenes

Figure 1 Organization of the human genome.
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Figure 2 Schematic representation showing how functional protein is formed from gene and how
pseudogenes have formed during evolution.

may not have introns and other necessary factors
that are required for protein function. Most of the
pseudogenes are transcribed into RNA and these
transcripts may be processed into small interfering
RNA (siRNA) to regulate the coding gene function
through RNAi (RNA interference) pathway.

Types of Pseudogenes

There are two different types of pseudogenes:
i. Processed pseudogenes
ii. Unprocessed pseudogenes• Processed pseudogenes: Processed pseu-

dogenes are also called as retro-transposed
pseudogenes. In this process, double stranded
DNA is transcribed into mRNA and further re-
transcribed into cDNA and integrated into the
chromosomal DNA at a new location. Processed
pseudogenes have poly-A tail but do not have
introns and upstream promoters (Figure 2).• Unprocessed genes: Non-processed pseu-
dogenes are also known as duplicated pseudo-
genes and they developed during the evolution of
the genome. Duplication of pseudogenes occurs
due to homologous recombination between mis-

aligned chromosomes. These pseudogenes have
complete intron-exon structure and regulatory
sequences. However, these pseudogenes accumu-
late mutations during evolution and this leads to
loss of gene function, transcription and translation
(Figure 2).

The human genome has numerous pseudo-
genes, of which approximately 10,000 to 20,000
are known. Majority of human pseudogenes are
processed into mRNA while some pseudogenes
are able to regulate tumor suppressor genes and
oncogenes by acting as miRNA decoys [Tutar et al.,
2018].

Role of pseudogenes in disease

Pseudogenes can be involved in disease causation
due to gene conversion (Figure 3) or recombination
with functional genes. Gene conversion is an event
by which part of DNA is replaced by homologous
sequences of another gene. Mutations in the
pseudogene are transferred to the functional gene
by the gene conversion mechanism and this leads
to disease due to perturbation of the functional
gene. Genes that are close to pseudogenes
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Table 1 List of diseases known to be caused by gene conversion.

S.
No.

Gene Processed /Non
processed
pseudogene

Disease

1 IDS Non processed Hunter syndrome
2 GBA Non processed Gaucher disease
3 NCF1 Non processed Chronic granulomatous disease
4 PKD1 Non processed Autosomal dominant polycystic

kidney disease
5 IGLL1 Non processed B-cell deficiency
6 ABCC6 Non processed Pseudoxanthoma elasticum
7 CYP21A2 Non processed Congenital adrenal hyperplasia
8 FOLR1 Non processed Neural tube defects
9 SBDS Non processed Shwachman-Diamond syndrome
10 VWF Non processed Type 3 von Willebrand disease
11 CRYBB2 Non processed Congenital adrenal hyperplasia

are candidate genes for gene conversion because
greater similarity between gene and pseudogene
leads to more chances of recombination (Table 1).

GENE

Pseudogene

Gene Conversion

Figure 3 Gene conversion events between gene
and pseudogene shown as blue and
orange boxes.

Mechanisms of disease
Hunter syndrome (MPS II) is caused by mutations
in the IDS gene [Timms et al., 1995]. Pseudogene of
IDS known as IDS2 or IDSP1 shows 80kb similarity
with the functional IDS gene. Pseudogene IDS2 is
96% homologous in exon 2, and intron 2, 3 and 7 of
the transcribed IDS gene and 100% similar to exon
3 of IDS gene. The presence of pseudogene can
result in recombination with the IDS gene. IDS-IDS2
undergoes homologous recombination [Lualdi et
al., 2005] and thus is involved in the formation of
large complex genomic/genetic rearrangements,
deletions etc. which comprise about ~13% of the

patients with Hunter syndrome. Similar type of
gene conversion events are known to occur in
patients with Gaucher disease [Tayebi et al., 2003].
Recombinant alleles of GBA gene for Gaucher
disease arise due to presence of the pseudogene
GBAP 16 kb downstream of the functional gene.
This pseudogene has 96% exonic sequence ho-
mology with GBA, with the region between intron
8 and 3’ UTR being >98% homologous. This
promotes gene conversion and gene fusion events
by non-reciprocal and reciprocal recombination.
These events are most commonly seen in the exon
9–11 region. At least 10 GBA recombinants have
been reported which comprise as many as 20–30%
of alleles in some populations [Koprivica et al.,
2000].

Problems in Molecular Diagnostics

Case Study: Sanger sequencing of the IDS gene in
a male patient with Hunter syndrome (detected by
deficient enzyme assay) revealed a heterozygous
variant p.Ala85Thr (alanine to threonine at amino
acid 85) caused by a G to A substitution at
nucleotide position c.253 in exon 3 of IDS (Figure
4). Since a male has only one X chromosome and
the IDS gene is present on the X chromosome, we
expect the patient to be hemizygous for the variant
with a single peak on Sanger sequencing. The
heterozygous peak in this chromatogram was seen
because the mutant allele came from gene and the
normal allele came from the pseudogene. Thus,
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it is important to design primers for polymerase
chain reaction (PCR) in such a way that only
the gene is amplified and the pseudogene is
not amplified for sequencing of genes where
pseudogenes are known to be present in the
genome. Similar problem is faced in interpretation
of results in next generation sequencing assays
like exome sequencing and hence this should be
kept in mind while interpreting the results.

Figure 4 Electropherogram showing heterozy-
gous peak in the c.253G>A position,
due to the simultaneous amplification
of gene and pseudogene.

Diagnostic assays for genes with
pseudogenes
In molecular diagnostics for genetic diseases, it is
important that the sequencing information should
come from the gene and not from the pseudogene.
Hence, modifications need to be done to identify a
gene. This can be done in two ways:

1. If a pseudogene is highly homologous to the
functional gene and there are no differences in
intronic regions, then the strategy employed is
Long Range PCR followed by nested PCR. In this
method a long-range PCR assay is designed using
primers designed in such a way that the 3’ end
of the primer falls on a single nucleotide change
between gene and pseudogene found nearest
to the gene. This is followed by a long PCR
using special DNA Polymerase and then the PCR
product is used as a template for subsequent PCR
and sequencing using flanking primers for each
exon. The long PCR ensures that only the gene is
sequenced for interpretation of results (Figure 5).

2. If there are multiple differences in intronic
regions of the gene and the pseudogene then
flanking primers for each exon can be designed in
such a way that the 3’ end of primer falls on a

single nucleotide change. Thus, there is no need of
long PCR in such cases (Figure 5).

Figure 5 Diagnostic strategies for genes with
pseudogenes.

Conclusion

Pseudogenes are essential parts of gene reg-
ulation. Understanding the mechanism of
pseudogene actions is likely to help researchers
to solve several essential biochemical pathways.
Pseudogenes might be functional and participate
in gene expression and molecular mechanisms
of gene interactions. Pseudogenes can lead to
genetic diseases due to gene conversion and they
also pose a problem in genetic diagnostics.
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Prospective annual reanalysis of whole
exome sequencing in rare disorders
(Nambot et al., 2018)

The widespread use of exome sequencing (ES) in
clinical practice has revolutionized the diagnosis
of Mendelian disorders. But 50 to 75% of
patients undergoing ES still remain without a
diagnosis. Whole genome sequencing is an option
to fill this lacuna and has been reported to
increase the detection rate by 15%. However,
limitations like availability, costs and data mining
challenges preclude its widespread clinical use at
present. Nambot et al. studied the impact
of re-analysis of WES data in a cohort of 416
patients with congenital anomalies and intellectual
disability. The raw data of 156 patients with
no conclusive diagnosis were re-analyzed with
the latest bioinformatics pipeline. This exercise
was done annually over a period of 3 years.
They could detect a disease-causing variant in 24
(15.4%) additional patients. Twelve of these were
attributed to new publications, reclassification of
initially identified uncertain variants or detection of
copy number variants. The other twelve patients
were diagnosed through international data sharing
and collaboration. This also yielded five novel
genes.

New diagnosis emerging from old data
(Wright et al., 2018)

Prioritization of variants in ES is based on applica-
tion of certain filters. A balance between sensitivity
and specificity has to be struck to detect the
causative variant while keeping the false positives
low. Hence a disease-causing variant may be
missed due to various technical and analytical
limitations. A Deciphering Developmental Disor-
ders study reported a diagnostic yield of 27% in

2014 by trios ES of 1133 children. Wright et
al. did a reanalysis of this cohort using improved
and updated bioinformatics algorithm and variant
filtering strategies. They were able to make a
diagnosis in additional 182 patients, thus increas-
ing the overall diagnostic yield to 40%. Most of
these were due to new gene-disease associations
reported in the interim. Also, 39 probands with a
previous diagnosis were reclassified as uncertain
or likely benign. This is the first large-scale
report highlighting the potential utility of NGS data
re-analysis and re-contact with the patients and
health care providers.

Comprehensive iterative approach in
diagnosing “exome negative”
individuals (Shashi et al., 2018)

Standard reanalysis of ES resolves 10-15% cases
with an initial negative report. This is mainly
attributed to new gene-disease discovery. Other
causes include resequencing of singletons to trios,
analyzing for copy number variations and data
sharing. The majority (~60%) of patients enrolled
at the Duke/Columbia site of the Undiagnosed
Disease Network had a negative ES. Trios ES was
done in majority of these patients and reanalysis
was also done in some. To further maximize
the diagnostic yield, Shashi et al. proposed an
iterative approach in 38 of these exome-negative
patients. An individualized genomic-phenomic
approach was used consisting of detailed pheno-
typing, reanalysis of FASTQ files with an updated
bioinformatics pipeline, targeted molecular testing
and genome sequencing. A diagnosis was obtained
in 18 patients (47%). This was mainly due to
better bioinformatics, phenotyping and targeted
testing for variants undetected in the prior ES. A
reanalysis of prior ES yielded a diagnosis in 25%
individuals in this cohort. Genome sequencing
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detected structural variants not identifiable in ES
in 3/18 patients. Candidate genes were identified
in additional eight individuals taking the overall
diagnostic yield to 68%. They also identified two
novel developmental disorders.

Responsibility of re-contact after
re-interpretation (Carrieri et al., 2019;

Bombard et al., 2019)

The emerging scientific evidence for regular
re-interpretation of genomic testing results has
necessitated the development of guidelines for
re-contact. In the clinical setting, a few guidelines
exist. The European Society of Human Genetics
recently recommended that it is desirable for
clinicians to re-contact patients regarding findings
with clinical or established personal utility, yet
there is no legal or professional responsibility to
do so. They add that re-contacting is a shared
responsibility between patients and laboratories
and requests for reanalysis should be initiated
by the patient, clinical laboratory or clinician.
The American College of Medical Genetics and
Genomics and American Academy of Pediatrics
encourage re-contact if a variant is reclassified but
leave it to the discretion of clinical laboratories
to determine when to re-analyze data and when
to re-contact patients. For the research setting
the American Society of Human Genetics (ASHG)
has published a position statement. They strongly
recommend re-contact attempt, within 6months, if
the reclassified variant is related to the phenotype

under study and if it is expected to alter clinical
management. In cases where management is not
expected to change, re-contact is advised if the
classification has changed from or to pathogenic/
likely pathogenic. The ASHG also states that there
is no responsibility for researchers to hunt or scan
genetic and genomic data or literature for changes
in variant interpretation.
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Announcement

 

Contact

Dr Shubha Phadke, Professor & Head, Department of Medical Genetics

Sanjay Gandhi Postgraduate Institute of Medical Sciences, Lucknow, India, 226014

Phone : +91 522 2494334, 2494327, 2494325

Email: sgpgigenetics@gmail.com

Eighteenth ICMR Course in
Medical Genetics & Genetic Counseling

26th August 2019  to  7nt September 2019

Pedigree to Genome

 

For details, see:  http://www.sgpgi.ac.in/conf/ICMR%20Course%202019.pdf

Useful for clinicians from all branches of medicine and medical students

Basic, clinical, molecular genetics - simplified.

Genetic counseling and prenatal diagnosis - Demystified.

Exposure to common and rare genetic clinical scenarios.

Teaching faculty - Experienced Clinicians with DM in Medical Genetics
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PhotoQuiz

PhotoQuiz - 45
Contributed by:  Dr Atanu Kumar Dutta

Correspondence to: Dr Atanu Kumar Dutta.  Email: atanu.dutta05@gmail.com 

This 18-months-old male child, born to nonconsanguineous parents, was referred for 
evaluation of inflammatory swellings of the left lower leg and right arm. He had low 
grade fever at the time of onset of the swellings. He had history of a similar swelling in 
the right lower leg at 3 months of age which had spontaneously resolved. He also had 
swelling of the face and jaw.  Child cried excessively when the affected limb was touched 
for clinical examination. There was no family history of similar symptoms. Identify this 
condition.

Please send your responses to editor@iamg.in
Or go to http://iamg.in/genetic_clinics/photoquiz_answers.php

to submit your answer.

Answer to PhotoQuiz 44
When parents are heterozygous carriers for two different autosomal 
recessive conditions, a 4x4 Punnett square can be used to find out 
possible genotypes in offspring.  In the example given below, parents 
are heterozygous carriers for two different conditions and their 
genotype is AaBb (‘A’ and ‘B’ are dominant alleles and ‘a’ and ‘b’ are 
recessive alleles). The chance that an offspring will have both the 
recessive conditions is 1/16 (6.25%; red highlight). The chance that an 
offspring will be normal is 9/16 (56.25%; yellow highlight). The chance 
of an offspring having either one of those recessive conditions is 3/16 
(18.75%; blue highlight).

Correct Responses Were Given By:

  1. Sameer Bhatia, New Delhi
  2. G Aruna, Bengaluru

All India Institute of Medical Sciences, Kalyani, West Bengal, India

AABB AABb AaBB AaBb

AABb AAbb AaBb Aabb

AaBB AaBb aaBB aaBb

AaBb Aabb aaBb aabb

AaBb

AaBb

AB

AB

Ab aB ab

Ab

aB

ab

        But the genes NIPAL4 and GM2A are in close physical proximity on chromosome 5 (genomic 
coordinates of NIPAL4 are 5:157,460,018-157,474,721 and GM2A are 5:151,253,051-151,270,393). 
Hence they may be inherited en bloc though there is a remote chance of recombination happening 
between them. If they are inherited together, the chance of having a child with neuroregression and 
ichthyosis in every pregnancy will be 25% and the chance of having an unaffected child will be 75% 
(like any other autosomal recessive disorder). 

  3. Deepti Gupta, New Delhi
  4. Lekshmi S Nair, Hyderabadi
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In Remembrance of a Visionary and a Remarkable Teacher……

Dr Shyam S Agarwal was one of the pioneers of Medical 

Genetics in India. Every year on his birth anniversary the 

5th of July, a remembrance meet is organized by the 

Department of Medical Genetics, Sanjay Gandhi 

Postgraduate Institute of Medical Sciences (SGPGIMS), 

Lucknow in association with the Society for Indian 

Academy of Medical Genetics (SIAMG), to commemorate 

his role in establishing the department in SGPGIMS and 

to acknowledge his valuable contributions to teaching 

and research in the field of Medical Genetics in India. For 

the remembrance meet this year on July 5th 2019, Dr 

Rashid Merchant, a renowned and senior Pediatrician 

from Nanavati Superspeciality Hospital, Mumbai would 

be the Chief Guest and he would be delivering a Public 

Lecture titled ‘From Om to Genome: Lessons from a 

Pediatrician’s Diary’.

Fellowship in Genetic Diagnostics – Call for Applications
The Department of Biotechnology, Government of India has launched a 6 months fellowship in genetic diagnostics

for faculty/clinicians from Government medical colleges and hospitals. Four trainees in a year (in two batches) will be
taken by each centre. The first batch will be starting in September 2019. This platform would offer a great opportunity
for physicians and scientists who are keen to develop genetic facilities at their centre. The program will provide training
in cytogenetic and molecular genetic techniques along with the understanding about their applications in patient care.
Well-established centres with facilities for diagnosis and management of genetic disorders have been selected to provide
training. Doctors from a clinical / paraclinical specialty or a Superspecialty and holding a regular position in a Government
medical college/hospital are eligible to apply. The list of centres where the Fellowship is available is as follows:

Sl Name of the Centre Contact address
1 Department of Medical Genetics, Sanjay Gandhi

Postgraduate Institute of Medical Sciences, Raibarelly
Road, Lucknow, Uttar Pradesh

Dr Shubha Phadke. Head, Department of Medical
Genetics. shubharaophadke@gmail.com
Phone: 0522 249 4334 / 4325

2 Department of Hematology,
Christian Medical College, Vellore, Tamil Nadu

Dr Eunice Sindhuvi. Department of Hematology
eunice@cmcvellore.ac.in. Phone: 0416-228-3569/3577

3 Department of Clinical Genetics
Christian Medical College, Vellore, Tamil Nadu

Dr Sumita Danda. Head, Department of Clinical
Genetics. sdanda@cmcvellore.ac.in
Phone: 0416-228-3161/2304

4 Centre for Genetic Studies and Research,
The Madras Medical Mission, Chennai, Tamil Nadu

Dr Bibhas Kar. Consultant and Head, Centre for Genetic
Studies and Research. drbibhaskar65@gmail.com.
Phone: 044-26561801/4259

5 Diagnostics Division, Centre for DNA Fingerprinting
and Diagnostics, Hyderabad, Telangana

Dr Ashwin Dalal. Head, Diagnostics Division.
adalal@cdfd.org.in. Phone: 040-27216147/6148

6 Division of Genetics, Department of Pediatrics,
All India Institute of Medical Sciences, New Delhi

Dr Madhulika Kabra, Dr Neerja Gupta. Division of
Genetics. madhulikakakbra@hotmail.com,
neerja17aiims@gmail.com. Phone: 011 26588660

7 ICMR-National Institute of Immunohematology,
13th Floor, KEM Hospital, Parel, Mumbai

Dr Manisha Madkaikar. Director.
madkaikarmanisha@yahoo.co.in,
directorniih@gmail.com
Phone: 02224132928, 022 24138518/19

8 Division of Medical Genetics & Metabolism,
Genetic Lab, Department of Pediatrics,
Maulana Azad Medical College, New Delhi

Dr Seema Kapoor. Head, Division of Medical Genetics.
drseemakapoor@gmail.com.
Phone: 011232397417, 01123221927




