
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 13 | Issue 2 | April - June 2020

GeNeXprESS

01

1813

Table of Contents

Care for the Rare

05

Exome Sequencing: Knowledge,
Attitude, and Perspectives of
Non-geneticist Clinicians in India

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

GeneFocus

02

Novel Bi-allelic Variants in GJC2
Associated Pelizaeus-Merzbacher-
like Disease 1: Clinical Clues and
Differential Diagnosis

Clinical Vignette

GeNeViSTA 1811

Secondary Findings in
Genomic Testing

PhotoQuiz 48

PhotoQuiz
1816

Beyond Exome: Fishing for
Answers in the Expansive 
Ocean of “Omics”!

HearToHearTalk 1815

A Brother’s Gift of Love

Heart

To

Heart

Talk



GeNeEvent

Manipal Genetics Update VI: Marfan Syndrome and Other
Aortopathies

Manipal Genetics Update VI on ‘Marfan syndrome and Other Aortopathies’ was held at Manipal,
Karnataka on 14th and 15th February, 2020. This conference was organized by the Department of Medical
Genetics, Kasturba Medical College, Manipal. The conference was jointly sponsored by the Indian Council
of Medical Research (ICMR) and the German Federal Ministry of Education and Research as part of the
project titled ‘Improving the clinical care of children and young adults with Marfan syndrome and related
disorders by molecular genetic testing through next generation sequencing’. International faculty and
students from the University of Hamburg, Germany, University of Manchester, UK, University of Antwerp,
Belgium and Université Paris Descartes, France participated in this event. National faculty from eminent
institutes also attended this conference. The objectives of this conference were to foster discussion and
strengthen connections between experts and researchers interested in the genetics of Marfan syndrome
and other aortopathies. The two-day conference had seven sessions with three talks in each session.
The speakers covered aspects of basic biology, clinical evaluation, molecular testing and management
of Marfan syndrome and other aortopathies. The delegates actively participated in the discussion that
followed.
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Care for the Rare
Editorial

Twenty-ninth February 2020 was celebrated all
over the world, by patients’ families and clinicians,
especially medical geneticists. This year being a
leap year, this rare disease day is really rare. Other
than being a really rare day, the Rare Disease
Day of 2020 really is a milestone in the history of
rare diseases in the world as well as India. The
diagnosis of rare genetic disorders has become
easy, thanks to the availability of next generation
sequencing-based clinical exome and whole ex-
ome sequencing. Gradual introduction of whole
genome sequencing in clinical diagnostics is im-
proving the diagnostic yield by way of identification
of rare disease-causing variations like deep intronic
variations, structural rearrangements disrupting
genes and novel genes for rare phenotypes.
The GenExpress in this issue highlights the use
of whole genome sequencing in clinical practice
and the utility of complementary techniques of
RNA-seq and metabolomics. Promising treatments
for certain genetic disorders have been developed
with the help of genetic engineering technology
in the past few decades. The success stories
of treatments for lysosomal storage disorders,
spinal muscular atrophy, ectodermal dysplasia and
epidermolysis bullosa are a few such examples.
Many treatments are rapidly getting approved for
patient care and many such as drug therapies for
plexiform neurofibroma, Proteus syndrome etc.
have shown miraculous results.

For rare diseases in India, this decade marks
a new beginning. State-of-the-art diagnostics for
genetic disorders is now available at an affordable
cost. Trained medical geneticists and clinicians
of the twenty-first century are ready to take
up the challenge of medicine in the molecular
era. As next generation sequencing is the first
diagnostic test for monogenic genetic disorders,
not only clinicians but the country as a whole
need to develop guidelines for issues related to
next generation testing. This issue of Genetic
Clinics discusses the issues of secondary findings/

incidental findings which need urgent attention in
the Indian scenario.

The second reason to rejoice in India is the
Government’s first step towards rare genetic dis-
orders. After an ambitious but turbulent initiation
of a policy for rare diseases, the Government
retreated back making all of us unhappy and
gloom descended on the concerned stakeholders.
But now, the policymakers have floated a draft on
the Government’s plan for rare diseases. Though it
does not cover the access to treatment in a major
way, the will to help is obvious. The Government
plans to support prenatal diagnosis in a big way,
which is a cost-effective strategy. We hope to
see implementation of this in this year and rapid
modification to pave the way for coverage of
treatment in the coming years.

With the positive developments for rare dis-
eases, no clinician can afford to miss a genetic
diagnosis. The clinical presentations of many
rare genetic diseases overlap with those of
non-genetic, infectious, autoimmune and other
environmental diseases. Charting a pedigree and
clinical suspicion in appropriate clinical situations
are the ‘MANTRAS’ for the accurate diagnosis of
genetic disorders. We do our job of education
and awareness about genetic disorders by way
of short term courses, quiz in the Genetic
Clinics, etc. I would also like to remind you
about the ‘Cases for Opinion’ assistance on the
website of SIAMG [http://iamg.in/New_Cases_
For_Opinion_2018/New_Cases.html] where ex-
perts can suggest the diagnosis for your challenging
cases.

‘Care for the Rare’ is our motto. Challenge and
hope for a better future in this new decade!

Dr. Shubha Phadke
1st April, 2020
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Novel Bi-allelic Variants in GJC2 Associated Pelizaeus-
Merzbacher-like Disease 1: Clinical Clues and

Differential Diagnosis
Veronica Arora, Sapna Sandal, Ishwar Verma

Institute of Medical Genetics and Genomics, Sir Ganga Ram Hospital, New Delhi

Correspondence to: Dr Ishwar C Verma Email: icverma@gmail.com

Abstract

Hypomyelinating Leukodystrophy-2 (HLD2) or
Pelizaeus-Merzbacher-like disease 1 (PMLD1) is a
slowly progressive leukodystrophy characterized
by nystagmus, hypotonia, and developmental
delay. It is a close differential diagnosis for
Pelizaeus- Merzbacher disease (PMD) and should
be suspected in patients with features of PMD but
who are negative on testing for duplication of the
PLP1 gene. We describe a case of a 16-month-old
boy with a novel homozygous mutation in the GJC2
gene resulting in hypomyelinating leukodystrophy-
2. The clinical clues as well as features of other
disorders presenting similarly are discussed.

Clinical description

A 16-month-old boy, firstborn of non- consan-
guineous marriage, was referred to the Genetic
Centre for evaluation of delayed developmental
milestones. After an uneventful antenatal period,
he was born through spontaneous vaginal delivery
at 38 weeks of gestation. His birth weight was 3 kg
(-0.73 z score) and head circumference was 36 cm
(+1.21 z score). He was noticed to have nystagmus
at 10 days of age. At 5 months of age, the parents
were concerned about his poor developmental
milestones. He attained neck holding at 10 months
and rolled over from supine to prone position at
11 months. He started recognizing his mother
around 5 months of age, babbled at 8 months of
age and turned head to sound at 7 months of
age. At 16 months of age, he could not sit without
support. There was no history of seizures, hearing
abnormality, or regression of attained milestones.

On examination, he was not interactive with

the environment and did not follow objects. Head
titubation was present. There was no facial dys-
morphism. Anthropometric measurements were
as follows: length 82cm (+1.2SD), weight 10.6Kg
(+1.1SD) and head circumference 47.7cm (+1.2SD).
Central nervous system examination showed bilat-
eral pendular nystagmus, axial hypotonia, dystonic
posturing, and choreo-athetoid movements (Figure
1). Deep tendon reflexes were brisk with extensor
plantar responses. The rest of the systemic
examination was non-contributory. MRI of the
brain (axial view) showed diffuse hypo-myelination
in the peri-ventricular and sub-cortical area and
cerebellar white matter changes (Figure 2).

Given the presence of hypotonia, brisk reflexes,
nystagmus and hypomyelination on MRI, a deletion
duplication analysis for the PLP1 gene was done
which was negative. Following this, clinical exome
sequencing with a focus on exons of genes
related to the clinical phenotype was performed.
Exome sequencing showed the presence of a
homozygous missense variant in the GJC2 gene
[ENST00000366714.2]: c.814T>C; p.(Try272His).
This is a novel variant and has not been reported
in the 1000 Genome or ExAC database. It is
predicted to be damaging by various in-silico
prediction tools (MutationTaster, PolyPhen and
SIFT). It is conserved across species and is ‘likely
pathogenic’ according to the modified classification
as per the American College of Medical Genetics
and Genomics (ACMG)/ Association for Molecular
Pathology guidelines (PS1+PM2+PP3+PP4). A
different missense variation (p.Try272Asp) at this
position has been reported in the compound
heterozygous state with p.ArgR240Ter in a patient
affected with hypomyelinating leukodystrophy
(Uhlenberg et al., 2004).
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Figure 1 Proband at age 16 months with neck dystonia, choreo-athetoid movements and dystonic
posturing (B and C). Note the dystonic posturing increasing from panel A to C, with severe neck
dystonia and tongue thrusting (C).

Figure 2 MRI Brain: T1 and T2 weighted images showing diffuse involvement of both deep and
subcortical white matter of cerebrum (yellow arrows) and cerebellum (red arrows) suggestive
of hypomyelination.

Discussion

Pelizaeus- Merzbacher disease is an X-linked
disorder and has been considered the proto-
type of hypomyelinating leukodystrophies. It is
caused by mutation in the proteolipid protein
(PLP1) gene, on chromosome Xq22. Recently,
several hypomyelinating leukodystrophies have
been described which mimic the classical PMD and
should be considered in the differential diagnosis
(Nahhas et al., 2017). In this report, we have
described the clinical and neuroimaging features
of a 16-month-old boy with global development
delay, nystagmus and hypomyelination on MRI,
confirmed to have hypomyelinating leukodystro-
phy type 2 on molecular studies. This entity was
first described in 2004 and till date, more than 79
probands have been reported with the disorder

(Uhlenberg et al., 2004; Nahhas et al., 2017).
Hypomyelinating leukodystrophy- 2 (HLD2) is

an autosomal recessive disorder caused by ho-
mozygous or compound heterozygous pathogenic
variants in the Gap Junction Gamma-2 (GJC2) gene
on chromosome 1q42.13. Gap junction proteins
are members of a large family of homologous
connexins and comprise 4 transmembrane, 2
extracellular, and 3 cytoplasmic domains. The
GJC2 gene belongs to the family of connexins
and encodes for 47 KD gap junction protein
(CX47). This gene (OMIM#608803) is exclusively
expressed in oligodendrocytes of the brain and
plays an essential role in myelination. It has been
hypothesized that the reduction of the altered
protein in the endoplasmic reticulum, due to
mutations in the GJC2 gene, contribute to the
pathogenetic mechanism of CNS-hypomyelination

Genetic Clinics 2020 | April - June | Vol 13 | Issue 2 3
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(Owczarek-Lipska et al., 2019). The clinical
features are nystagmus in the neonatal period,
developmental delay, dystonia, and ataxia. MRI
of the brain shows homogeneous T2 hyperin-
tensities of the cerebral white matter, often in
combination with hypointensity on T1-weighted
images. Typical prominent T2-hyperintensity of
the pons and hyperintensity of the subcortical
white matter may be seen in some patients. The
basal ganglia and thalami are normal in most
patients (Biancheri et al.,2013). Hypomyelination
is a group of disorders in which clinical clues
are very crucial for diagnosis. The most com-
mon ones are the presence of nystagmus (PMD,
PMLD1, PMLD2), dystonia and choreoathetosis
(Hypomyelination with atrophy of basal ganglia
and cerebellum and PMLD1), and hypogonadism
(4H syndrome - hypomyelination, hypodontia and
hypogonadotropic hypogonadism). Along with
the pattern of inheritance and the presence or
absence of neuro-regression, the above clues help
in narrowing the diagnosis. Gene therapies are
increasingly becoming available for neurological
disorders. Recently, Li et al. carried out an
oligodendrocyte-specific Plp1 gene therapy using
micro-RNA using adeno-associated virus leading to
widespread suppression of gene function in mouse
models (Li et al., 2019). In PMLD1, deletions and
duplications are found in about 30% of patients,
thus such a therapy may be used. This makes this
a potentially treatable disorder and thus should be
picked up early.

In conclusion, our report expands the genotypic
spectrum of hypomyelinating leukodystrophy-2

and describes a novel gene variant. We also aim
to alert pediatricians and pediatric neurologists to
keep this disorder in mind, for making a precise
diagnosis that would help in genetic counseling,
reproductive options and potential therapy in the
future.
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Announcement

Regarding GPX4 gene-associated Skeletal Dysplasia

The parents of a child diagnosed to have Sedaghatian-type Spondylometaphyseal 

Dysplasia (a rare form of skeletal dysplasia caused by pathogenic variants in the 

GPX4 gene) want to reach out to other families with similarly affected children. They 

are making attempts to develop a disease-modifying therapy for this condition. For 

further details please visit their website https://www.curegpx4.org/.

GPX4
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Abstract

In India, due to the large population, high
prevalence of consanguinity and decreasing trend
for infectious and nutritional diseases, genetic
diseases account for significant mortality and
morbidity. However, trained genetic professionals
are very few, hence, non-geneticist clinicians
i.e. clinicians without formal training in medical
genetics, are often involved in the diagnosis and
management of genetic diseases. In recent
years, exome sequencing (ES) has become more
accessible in clinics due to lower costs and is being
promoted for diagnostic and screening purposes.
We designed this questionnaire-based study to
know about the knowledge and perspectives of
non-geneticist clinicians towards exome sequenc-
ing. In March 2018, a questionnaire containing 25
questions about prior knowledge, usage of exome
sequencing in various settings like diagnostic,
predisposition, preconceptional, etc. was filled by
one hundred clinicians who did not have prior
training in medical genetics. Only half (53%) of
these doctors had ever heard of exome sequenc-
ing. Though 84% of participants felt that exome
sequencing is a useful technique, only 31% felt that
they were ready to order the test. This study shows
that knowledge about exome sequencing is less
and needs to be imparted to doctors, the majority
of whom are eager to learn and consider exome
sequencing a significant diagnostic technique in
their clinical practice.

Introduction

Exome sequencing (ES) has an established role
in the diagnosis of various monogenic diseases
with a yield of 20-50% in different clinical settings
(Meng et al., 2017; Yang et al., 2013). It is

also being increasingly utilized in preconceptional
expanded carrier screening, prenatal diagnosis,
pharmacogenomics and predisposition testing.
The use of ES in newborn screening is also an area
of increasing interest. With increasing availability,
decreasing costs of ES and heterogeneity of health
care providers, there is a peculiar situation arising
in the developing countries, especially India, where
in certain areas, ES is being rapidly pushed into
the clinics for diagnostics and screening purposes.
This is of concern because, due to a dearth
of trained genetic professionals, the burden of
diagnosis and management of genetic diseases
often lies with the non-geneticist clinicians (Verma,
2015; WHO, 2006). Although they are the ones to
first suspect genetic disorders, most non-geneticist
clinicians lack the required knowledge as there is
not much thrust on medical genetics and the latest
developments in the field are not included in the
medical education curriculum of undergraduate
and specialist medical courses in India.

Various studies have evaluated the diverse
perspectives of the general public and genetic
professionals towards ES in various situations like
prenatal screening, newborn screening and issues
regarding secondary findings (Yu et al., 2014; Sapp
et al., 2014; Kalynchuk et al., 2015). We designed
this study as a cross-sectional questionnaire-based
survey to assess the knowledge of ES among the
Indian clinicians who did not have a formal genetic
training.

Methods

We included specialists and superspecialist doctors
in the study. Initially, 136 doctors were contacted.
This included 40 superspecialists and 96 specialists.
All the participants were either contacted in-person
by a phone call (n=50; 40 superspecialists, 10
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specialists, all working in the same institute as
the authors) or via email (n=86; all specialists,
mostly friends and colleagues of authors, working
in different tertiary care institutes). All the
participants were asked to submit the filled ques-
tionnaire within two weeks. The questionnaire was
designed in the English language and contained 25
questions which aimed to analyse the pre-existing
knowledge of ES among the participants and
their views regarding the use of ES for diagnostic
and screening purposes in patients and self, in
different clinical scenarios. Before filling the
questionnaire, all the participants were required to
read the attached information sheet containing an
introduction to ES, briefly explaining the technique,
uses, strengths, limitations, ethical dilemmas, cost,
and emerging applications. This information sheet
was designed by the authors taking a standard
genetics textbook as reference (Nussbaum et al.,
2016). The questionnaire and information sheet
are attached as supplementary material.

Results

The response time taken by participants to answer
the questionnaire ranged from one day to two
weeks and the average time taken was 8 days.
Responses within two weeks were obtained from
100 doctors (30 superspecialists and 70 specialists),
making the response rate of these two groups,
75%, and 73% respectively with an overall response
rate of 74%. The response rates were higher when
participants were contacted in person (80%, 40/50)
versus when contacted via email (70%, 60/86). Out
of 100 participants, 69 were males and 31 were
females. The age of participants ranged from 25
to 35 years. Table 1 gives the clinical specialty-wise
distribution of the participants. Participants’
responses to survey questions were summarised
as percentages and graphical representation. A
more formal statistical analysis and comparison
between the specialist and superspecialist doctors’
groups could not be attempted due to the smaller
sample size and heterogeneity of the two groups.

The study results show that only half (53%)
of the participants had ever heard of ES. But,
if we analyse data in groups, 93% (28/30) of
superspecialist doctors had heard about ES as
compared to 36% (25/70) of the specialist doctors.
Only 30% of participants were previously aware
of the information and issues related to exome
sequencing. None of the specialist doctors had
ordered ES but 16% (5/30) superspecialist doctors

had previously ordered ES and 80% (4/5) of
them had found it to be useful in their patient
management. Most of the clinicians (87%) agreed
that ES is a useful diagnostic technique and 84% of
participants opted for more information on exome
sequencing. Thirty-one percent of the participants
felt that they would be prepared to deal with
the issues related to exome sequencing when a
patient brings a report of exome sequencing.

Table 1 Clinical specialty wise distribution of the
participants.

Superspecialists 30
Nephrology 3
Gastro-medicine 4
Cardiology 6
Clinical Immunology 3
Critical care Medicine 2
Endocrinology 1
Paediatric Gastroenterology 1
Urology 4
Neurosurgery 1
Neurology 5
Specialists 70
Pediatrics 19
Obstetrics and Gynaecology 21
Ophthalmology 2
Radiotherapy and oncology 8
General Medicine 10
Orthopedics 5
Psychiatry 2
General Surgery 3

Besides the established use of ES in the
diagnosis of single gene defects, 30% participants
said the use of ES for preconceptional carrier
screen appealed most to them, around 29% said
ES for prenatal testing of fetus appealed to them
and 15% participants said none of the other uses
appealed to them (Figure 1). The use of ES for
newborn screening is a matter of active research
and in pilot phases of research (Berg et al., 2017).
On being asked if the clinicians would consider
exome sequencing for newborn screening, 20% of
participants said yes, 11% were not sure and the
rest 69% were not in favor of ES for newborn
screening. Most participants felt that if they
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Figure 1 Responses to the most appealing form of testing by ES, besides the established role in
monogenic diseases (𝑛 = 100 participants).

did exome sequencing of a newborn, as a part
of newborn screening, they would like to know
the treatable genetic conditions and the carrier
status for recessive diseases which can have only
reproductive implications (Table 2).

Table 2 Findings that the participants expressed
they would like to know from Exome
Sequencing done as a part of newborn
screening (𝑛 = 100).

Disease condition Yes No Not
sure

Treatable genetic disease 96 – 4
Untreatable genetic conditions 37 53 10
Late onset genetic conditions 49 40 11
Carrier status of recessive 56 36 8
diseases for reproductive
implications

In response to the option of getting their
exomes sequenced, 33% of participants said they
would like to go ahead. The reasons cited
for opting for ES were to know their risk for
multifactorial diseases and take preventive actions
(61%), general curiosity (15%), carrier status for re-
productive planning (12%) and pharmacogenomic
testing (6%) (Figure 2).

General curiosity

Carrier status for planning

pregnancy

Family history of likely

gene�c disease

Pharmacogenomic tes�ng

Predisposi�on to

mul�factorial  and gene�c

diseases to prevent

or modify course

61%
15%

12%

6%
6%

Figure 2 Reasons given by participants for get-
ting Exome Sequencing done for self
(𝑛 = 33).

We asked participants which authority should
decide regarding the inclusion of incidental find-
ings (IF) in ES reports. Around 36% of participants
said the in-charge doctor should decide; another
36% said that the patient themselves should
decide;13% were of an opinion that a central body
should decide, and 2% of participants thought
that the testing laboratory should decide (Figure
3). When asked which incidental findings should
be shared in the ES report of the patient, 40% of
participants considered incidental findings of dis-
eases where early diagnosis can lead to treatment
should be shared and 23% of participants said
incidental findings should be shared according to
patient’s own choice. Around 17% percent said
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all disease mutations should be shared in ES, 14%
said pharmacogenetic and treatable conditions
should be shared and 2% said no IF should be
shared (Figure 4).

Individual himself

Incharge clinician

Laboratory

Some medical body

Not sure

36%

36%

13%

13%

2%

Figure 3 Participants’ opinion regarding which
authority should decide if incidental
findings should be shared in the Exome
Sequencing report.

Discussion

Patients with monogenic disorders are first seen
by physicians who are specialists but not medical
geneticists. Some of the specialists and super-
specialists have started ordering ES though the
numbers may be small. As the number of medical
geneticists in India is small, a greater number of
non-geneticists will be taking care of patients and
families with genetic disorders. For appropriate
ordering and interpretation of ES, physicians
need to be aware of the principle of the NGS,
interpretation of sequence variations and related
issues. The results of this small study try to get an
idea at present of the Indian scenario. About half
of the participants knew of ES and most of them
felt that this is a useful diagnostic technique and
opted for more information on exome sequencing.
In our study, 33% of participants said that they
would like to get their exome sequenced which is
lesser than similar studies in developed nations
(including genetic and non-genetic professionals)
where 49-77% of participants expressed their
desire to get their ES. This probably reflects the
fact that our participants are not as informed and
familiar with ES. The secondary/incidental findings
detected in ES have always been an area of major
debate and the ACMG periodically releases its
statement to address this issue (Kalia et al., 2017).

In a study of genetics professionals to learn about
their attitudes towards the return of incidental
results from ES, 50% thought that offered results
should not be limited to those deemed clinically
actionable and the vast majority (81%) thought
that individual preferences should guide return of
the results (Yu et al., 2014). In another study
by Lemke et al. most genetic professionals said
that most importantly, two types of findings i.e.
adult-onset clinically actionable disease, and a
childhood-onset non-clinically actionable disease
should be disclosed to patients. In another study,
non-genetic professionals laid impetus on action-
able findings but expressed that even ‘not clinically
actionable’ findings should also be made available
(Strong et al, 2014). A study of non-genetic
professionals from Greece reported that clinically
valid and actionable IFs should be returned, but
always with caution and taking into consideration
the patients’ wishes, although several experts
reported returning IFs according to their clinical
discretion (Gourna et al, 2014). When compared
to previous studies, the non-geneticist clinicians
in our study also held the same views favoring
sharing of actionable incidental findings but also
many expressed views ranging from providing all
disease-causing mutations in ES report to those
advocating that it should be based solely on the
patients’ choice.

Thirty-one percent of participants felt that they
would be prepared for ordering ES. This was their
personal opinion and this study did not judge
the capabilities. In the questions and comments
section, the participants asked about the availabil-
ity of ES, cost, turnaround time, limitations and
commented that basic genetic training should be
included in the medical curriculum, as presently
no medical genetics training is provided at any
level of education in the medical curriculum. This
reinforces the participants’ interest in ES and their
desire to use it for patient management.

One of the main causes of bias in our study
could be related to questionnaire design. No pilot
testing of the study questionnaire was done. The
questions drafted were hypothetical and some-
times complex. While answering many questions,
the participants could have been confused about
whether to answer the question for self or the
patient. It is possible that inclusion of the
information sheet aimed at providing a minimum
level of genetics education, itself introduced an
unintended bias. Other causes of bias would be a
small study sample size, many participants being
friends of the authors and belonging to nearby
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Figure 4 Participants’ opinions on which incidental findings (IF) from Exome Sequencing should be
shared with the patient.

institutes, this study does not represent the views
of non-geneticist clinicians across India.

As more private laboratories keep pushing ES
for diagnostic and screening purposes into clinics
and more clinicians order ES, they might require
more support from genetic health professionals
to understand and interpret genomic laboratory
reports and help with genetic counseling. Also, in
the field of medical genetics, knowledge and scien-
tific understanding are constantly developing. In
developing countries like India, the genetic health
professional support mechanisms are limited. This
lacuna might lead to the decreased utility of ES,
where we might miss guiding patients for timely
health care intervention to ameliorate disease
effects, facilitate carrier testing, prenatal diagnosis
and genetic counseling. Realizing this unaddressed
need, in recent years, a nation-wide framework
of collaborative research initiatives catering to the
rare disease community and provision of training
in medical genetics have emerged (GUaRDIAN
Consortium, 2019) (Aggarwal & Phadke, 2015).

Conclusion

In a large and heterogeneous country like India
it is vital that training and awareness in medical
genetics be inculcated at the level of undergrad-

uate medical school and residency and through
continuing medical education programs. As the
medical genetics community in the world is trying
to deal with waves of ethical and psychological
dilemmas arising from the powerful technique of
ES, we are trying to get an idea about awareness
of ES amongst clinicians without formal training
in medical genetics, to take up the challenge
of large scale meaningful use of ES and other
next-generation sequencing-based diagnostics.
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Introduction

Next generation sequencing (NGS) has changed
the landscape of genetic diagnoses with shorter
time to diagnosis, discovery of novel disease-
causing variants/genes and newer insights into
molecular mechanisms of disease. But one of
the challenges with this powerful technology is
the discovery of secondary findings in addition
to primary results (which are pathogenic variants
relevant to the disease, for which the test is
ordered). Secondary findings (SF) (previously
termed ‘incidental findings’) are defined as find-
ings, which are unrelated to the primary purpose
of testing, but can be of clinical significance to
an individual (Green et al., 2013). These findings
are proposed to have a significant effect on an
individual’s health outcomes, but its disclosure can
pose challenges to the healthcare professionals,
patients and their families. This review briefly
discusses the current debate on SF in the era
of next generation sequencing and explores the
benefits and challenges associated with SF. We also
discuss the recommendations from professional
bodies around the world regarding disclosure of
SF.

Proposed benefits of reporting
secondary findings

SF are proposed as ‘opportunistic screening’ for
patients seeking medical attention for some other
ailment (Green et al., 2013). The reporting of
SF with confirmed clinical utility is expected to
aid patients to seek detailed clinical evaluation,
appropriate specialty referrals and regular follow-
up to monitor for early signs of disease. This
may also help in early intervention in certain
medical conditions and thus improve the clinical

outcome. At-risk individuals can take steps for
disease prevention along with regular screening.
Screening can also be offered to family members
who are at risk of developing the disease.

From a clinical perspective, for a profession that
has always aimed to do good to the patients, it may
be incorrect to discard the valuable information
generated by NGS, which may have potential
lifesaving benefits (Mackley et al., 2017).

Pitfalls of reporting SF

The main argument against return of SF is the inad-
equate evidence about clinical utility of secondary
findings. Diseases with variable penetrance can
give rise to unnecessary anxiety and psychological
stress for a disease that may never occur. Re-
vealing a diagnosis for which the patient has no
symptoms can lead to information overload. It can
also lead to stigmatization (Mackley et al., 2017).

The American College of Medical Genetics and
Genomics (ACMG) recommends disclosure of SF
for everyone who undergoes broad spectrum
testing, irrespective of his or her age (Kalia et
al., 2016). Although, reporting of SF in children
is expected to help family members, disclosure
of information regarding adult-onset diseases may
create conflict between the beneficence of the
parents and autonomy of the child.

In many instances, the coverage of the genes in
which secondary findings are found, is question-
able and the variants are not usually confirmed by
an alternative method. Further, exome sequencing
does not detect large deletions, duplications, chro-
mosomal rearrangements and nucleotide repeat
variants. Disease-causing variants other than point
variations would never be looked into, giving the
patient false assurance of not being at-risk of
developing the listed diseases. On the other
hand, identification of a positive finding further
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demands validation of the variant, causing delay in
turnaround time of the test and adding to the cost
of the investigation (Mackley et al., 2017). Return
of SF may be a burden on resources, research in-
frastructure, lab personnel, counselors and clinical
geneticists. In a publicly funded healthcare setting,
this could pose a huge economic burden.

Guidelines and recommendations from
professional bodies

The ACMG study group recommends an active
search, routine evaluation and reporting of 59
medically actionable genes with every exome or
genome sequencing (Kalia et al., 2016). Most
of these are cancer predisposition genes and
genes predisposing to cardiac arrhythmias. Only
previously reported variants identified in these
genes are eligible to be reported as SF and novel
variants predicted to be disease-causing should
not be considered for reporting. ACMG also
recommends appropriate follow up evaluation of
individuals for these conditions. ACMG suggests
that these findings should be reported in both
adults and children. ACMG labels this as a
minimum list and says it is flexible to modifications
with availability of evidence in the future. The list is
just a recommendation and individual laboratories
are free to devise their own policies for reporting
of these SF.

The European Society of Human Genetics
(ESHG) recommends targeted analysis of genome
whenever possible to avoid generation of sec-
ondary findings. However, in scenarios where
genome wide sequencing is indicated, variants
causing serious health issues that may be benefited
with treatment or prevention are recommended
to be reported after informed consent from the
patient (van El et al., 2013).

The Canadian College of Medical Geneticists

does not recommend the intentional clinical anal-
ysis of disease-associated genes other than those
linked to the primary indication until evidence of
benefits are established (Boycott et al., 2015).

Conclusion

Secondary findings have stemmed out of the
overwhelming genetic data generated by next
generation sequencing techniques. The access to
this information would tempt physicians to reveal
it to patients. But there are many limitations and
ethical issues, which need to be addressed. When
there is enough evidence for benefit, return of SF
can be considered for reporting, after informed
consent.
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Balanced but not benign- WGS unravels
pathogenic events in balanced
chromosomal rearrangements
(Schluth-Bolard et al., 2019)

Schluth-Bolard et al. report a study of 55
patients with developmental disorders and bal-
anced chromosomal rearrangements whereWhole
genome paired end sequencing was done to
look for pathogenic events that could explain the
abnormal phenotypes. Gene expression analysis
of disrupted & surrounding genes, and disruption
of topology associated domains was also taken
into account for analysis. Forty-nine out of 55 of
the rearrangements could be detected using WGS.
Molecular signatures at breakpoints indicated that
most events arose randomly with non-homologous
end joining being the main mechanism. Twenty-
two patients achieved a diagnosis, of which 15
had a gene disruption and 7 showed a position
effect. Authors were also able to discover 16
novel candidate genes using this approach. The
authors conclude by saying that paired end WGS
can be used for structural variant characterisation
in clinical settings

RNA-seq and WGS- Two heads are
better than one (Bronstein et al., 2020)

Bronstein et al. report a family with retinal
dystrophy where a combined WGS and RNA-seq
approach was used for identification of the
causative variant in a non-coding region as well
as functional validation of the variant in retinal
organoids was done. A five-member family of
a non-consanguineous couple with two children
affected with retinal dystrophy underwent whole

exome sequencing, which identified a single
known pathogenic frameshift variant in CNGB3 in
the affected siblings. WGS revealed two additional
variants in CNGB3, both being in the intronic region.
The authors subsequently used patient derived
induced pluripotent stem cells (iPSCs) and used
this to generate retinal organoids. These organoids
were used for transcriptome analysis using RNA-
seq. Analysis of the alternative transcripts revealed
one of the intronic variants as disrupting splicing.
Immunocytochemical analysis of retinal organoids
demonstrated mis-localisation of the truncated
CNGB3 proteins. The authors conclude that this
combined approach can be useful in identifying
and functionally validating variants in non-coding
region for cases with unresolved genetic diagnosis.

WGS as first tier test for intellectual
disability (Lindstrand et al., 2019)

Lindstrand et al used WGS in a mixed cohort
of patients with intellectual disability (n=324) to
identify the underlying genetic mechanisms. The
authors obtained an overall diagnostic yield of
27%. This approach enabled detection of structural
variants, single nucleotide variants, uniparental
disomy as well as short tandem repeat (STR)
expansion. In at least 7% cases, WGS enabled
detection of complex structural rearrangements.

Metabolomics- the new kid on the block
(Yazdani et al., 2019)

Yazdani et al. report a systems biology approach
in an attempt to unravel the gene-disease mech-
anisms in complex disorders. They used exome
sequencing datasets from the Atherosclerosis Risk
in Communities study, and studied effects of anno-
tated loss-of-function variants on 122 metabolites.
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The authors found effect of KIAA1755 variants on
levels of eicosapentaenoate, which is known to be
associated with essential hypertension. Similarly,
they found effect of CLDN17 loss-of-function mu-
tations on metabolites from amino acid and lipid
pathways. The authors suggest that this approach
integrates several biological processes, and leads
to findings that may functionally connect genetic
variants with complex diseases
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Ibadat (name changed), a young man in his
early twenties, came to the Medical Genetics
out-patient department for consultation regarding
his younger brother who was seen about a decade
ago in our department. He was depressed as
his younger brother had become bedridden and
the rapid deterioration and impending serious
complications were obvious to the family. Ibadat’s
brother was seen at 8 years of age and was
diagnosed to have Duchenne muscular dystrophy
(DMD). Ibadat told us that we had told the family to
keep in touch so that when the treatment becomes
available, they can get information about it. As
Ibadat grew older and could not see his brother
suffering, he thought it was his responsibility to
try his best. He was visibly disturbed and felt
desperate. We often tell families to keep in touch
as most of the patients are lost to follow up and we
do not have any multidisciplinary special clinic for
patients with muscular dystrophy. Over the last 3
decades, every time when I tell a family that there
is hope for new treatment, I try to convey some
positivity without giving dramatic hope. However,
in my mind the hope of curative treatment for
DMD continues to have highs and lows and over
the last decade it is becoming lower and lower. I
realistically feel that effective therapies are around
the corner, but unsure about how many turns
science will take before reaching the last turn.

Ibadat had come with great hope. He might
have collected some information from the internet.
My truthful negative answer for his bedridden
brother at home brought sadness and wetness
to his eyes. Just giving a few moments to him,
I mentioned about the need of prevention. The
need for carrier screening and genetic counseling
was reiterated. I checked the patient records with
Ibadat to see if the mutation had been identified.
Yes, it was there. I drew the updated pedigree
of the family. His two sisters had got married;
one sister was of marriageable age. Did my job
of reinforcing the need for carrier screening for

such a serious disorder for which cure is still not in
sight! I was not sure whether he was convinced or
still drowned in the sea of sadness.

After a few weeks, he was there to meet me,
on the date of appointment. His sisters, all
three, and a nephew were with him. He again
mentioned about the brother who was not well,
but understood the formalities of the testing of
sisters and started getting them done. Getting
up from the floor was not easy for the four year
old nephew. Over few more visits, some bond
developed between us, as happens with many
of my patients. It is not only a doctor-patient
relationship, neither is it friendship, but it is strong
on the one hand and gives strength to both
the parties. Ibadat shared his emotions, which
reflected positivity of doing right things for the
sisters and for the family. He agreed that he
will take care of getting prenatal diagnosis done
for his sisters. Though the sisters themselves
understood, they needed support and the brother
took it up as his responsibility. I asked about the
eldest sister whose son was affected. I asked him,
whether he had disclosed the carrier status of the
sister and the disease status of the nephew to
his brother-in-law. This is a challenging situation
and a dilemma for the family. The close relations
between a husband and wife are sometimes
fragile. Ibadat had the right qualities and the right
approach. He said it is important to be truthful
to avoid further problems. The sisters were nice
and participated in the discussions to some extent.
But the sensitive brother was the strong pillar
of the family. He was truthful and logical, and
understood and believed medical science. His
visit initiated a useful chain of extended carrier
screening. His prayers (Ibadat) will help the family
and gave me the satisfaction of a fruitful genetic
counseling experience!
Amen!
तथा�तु (Tathaastu)!
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PhotoQuiz - 48
Contributed by:  Dr Prajnya Ranganath

Correspondence to: Dr Prajnya Ranganath.  Email:  prajnyaranganath@gmail.com

This 17-years-old male patient presented with history of vomiting, melena, and anemia 
of 3 months duration. Upper gastrointestinal endoscopy and colonoscopy revealed 
multiple polyps in the stomach and rectum. There was no history of similar symptoms in 
other family members. Identify the 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 47

Correct Responses Were Given By:

Department of Medical Genetics, Nizam’s Institute of Medical Sciences, Hyderabad 

T-cell immunodeficiency, congenital alopecia, and nail dystrophy (TIDAND) is caused by biallelic 
mutations in the FOXN1 gene (OMIM *600838) on chromosome 17q11. It is characterized by an 
association of congenital alopecia, severe T-cell immunodeficiency, and ridging and pitting of all 
nails.

T-cell immunodeficiency, congenital alopecia, and nail dystrophy (OMIM #601705)

1. Kanika Singh, New Delhi
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Rare Disease Day -2020

Care for the Rare!
International Rare Disease Day was celebrated at various places in India in February 2020 

with enthusiastic participation of patients, their families and doctors.

Rare Disease Day
Celebration at Sanjay Gandhi 

Postgraduate Institute of 
Medical Sciences, Lucknow

Chief guest,
Dr Charulata Deshpande
giving prizes to winners

Rare Disease Day 2020 celebrated on 14th February 2020 in Punjab 
by the Lysosomal Storage Diseases Support Society (LSDSS) in 

collaboration with the State Health Department, Punjab.

Human formation involving more than 2000 children from 
11 schools in Jaipur creating the Rare Disease logo.

Rare Disease Day 2020 celebrated in Rajasthan by 
J K Lon Hospital in collaboration with the 

Government of Rajasthan.




