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GeNeDit
Rare Disorders in India: A New Beginning
Editorial

Most of the genetic disorders are rare. Though
the deﬁnition for rare disorders varies in diﬀerent
countries, the basic premise is that they are not
common. The other aspect about rare disorders is that most of them do not have curative
treatment.
Except Down syndrome and beta
thalassemia, even the commonest of the genetic
disorders like Hemophilia and Duchenne muscular
dystrophy have prevalence of about 1 in 500010000 live births. Because of their relatively low
prevalence, these disorders tend to get ignored
by clinicians, the government, researchers and
pharmaceutical companies. But the scenario is
changing all over the world. The advent of new
therapies and a lot of ongoing research suggest
hope for many genetic disorders. The Human
Genome Project and newer genomic technologies
are primarily responsible for this progress. Very
rapid identiﬁcation of causative genes is leading
to better understanding of the molecular pathophysiology of genetic disorders and this is a sure
step towards the development of novel therapies
for these conditions. An article on the genetics of
Coﬃn Siris syndrome in this issue is representative
of the research on monogenic disorders in the
twenty-ﬁrst century. Whole exome sequencing can
identify the causative gene in a single case or a
few cases in a nuclear family. After identifying
the ﬁrst causative gene, other genes in the SWI/
SNF chromatin modeling pathway were identiﬁed
as causes of Coﬃn Siris syndrome and similar
phenotypes. The same strategy is being used in
clinical settings for diagnosis of rare syndromes
where a clinical diagnosis is next to impossible. The
use of exome sequencing for newborn screening
is now being explored and early experiences and
issues involved in this strategy have been reviewed
in the article on NGS-based newborn screening.
The GenExpress in this issue gives glimpses of the
use of genomic techniques like next generation
sequencing and microarray in prenatal diagnosis.
The very high sensitivity of diagnosis of fetal aneuploidies, microdeletion syndromes and monogenic

Genetic Clinics 2016 | July - September | Vol 9 | Issue 3

disorders like achondroplasia and Duchenne muscular dystrophy through analysis of free fetal DNA
in maternal plasma is impressive and a revolution
in prenatal diagnosis.
These recent developments in rare disorders
are relevant to Indian clinicians and the general
population at this juncture, when India is stepping
towards being a developed nation. Infectious
and nutritional disorders in children are getting
controlled. Secondly, medical genetics has taken a
strong foothold in India. Though the numbers are
still small, state-of-the-art clinical and diagnostic
facilities have been established in many centers
in India. Due to the large population, even rare
disorders are seen in signiﬁcant numbers in India.
To take advantage of this and to help patients
and families with genetic disorders, recently a
Workshop for Research in Rare Disorders was
organized in New Delhi.
The stakeholders in
the area discussed various issues and presented
the work done in this area. The funding being
provided by the governments of some states for
free treatment of hemophilias and thalassemia /
hemoglobinopathies was acknowledged to be a
commendable and important endeavour. These
two disorders are the commoner of the genetic
disorders and have very good outcome with timely
and appropriate treatment. Established patient
support groups working for decades for these
two disorders have been instrumental in getting
government funding for these drugs. This experience will help in future policy decisions and
planning for similar government support for other
less common genetic conditions as well. The
new treatment options are coming and awareness
about rare disorders among the policymakers and
health administrators created by thalassemia and
hemophilias will deﬁnitely work in a positive way.
In addition to awareness and empathy of clinicians
and the government, registries of rare diseases,
electronic health records linked to the unique
identity, a tiered referral system, population based
pilot programs for prevalence studies and a law to
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take care of rare diseases are some other actions
needed to start work in this direction. Parallel to
the patient care activities, research eﬀorts need to
be planned in a systematic and planned way as a
coordinated eﬀort. The research component for
understanding the pathogenesis of various genetic
disorders using the vast clinical material in India
is one aspect, the other being indigenous drug
development as many novel therapies initiated
by the developed world are beyond the reach of
Indians. All these issues were outlined in the

Workshop. I am sure the group will formulate a
deﬁnite workplan and also will be a mediator to
send the correct message and provide guidance to
the government. This century is bound to bring
a paradigm change in the health policies for rare
disorders.

Dr. Shubha R Phadke
1st July, 2016

Announcement
Dr S S Agarwal Young Scientist Award 2016
The Society for Indian Academy of Medical Genetics (SIAMG) has instituted an
Award for Young Scientists in memory of Dr S S Agarwal to promote excellence in
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Full information:
http://www.iamg.in/Dr_SS_Agarwal_award_2016.pdf

For further details contact: info@iamg.in
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Clinical Vignette
Schizencephaly Associated with EMX2 Mutation:
A Case Report
Manju O Pai, Divya Aggarwal, Joshi Stephen and Shubha R Phadke
Department of Medical Genetics, Sanjay Gandhi Postgraduate Institute of Medical Sciences, Lucknow, Uttar Pradesh
Email: shubharaophadke@gmail.com

Abstract
Schizencephaly is a rare human congenital disorder
of the brain characterized by abnormal continuity
of grey matter tissue extending from the ependymal lining of the cerebral ventricles to the pial
surface of the cerebral hemisphere surface. We
describe here a 7 year old boy aﬀected with bilateral schizencephaly, born to non-consanguineous
parents who presented with intellectual disability,
neurologic de cits and seizure disorder. Blood
samples collected from the proband and his parents were further processed for sequence analysis.
He was found to be heterozygous for a de novo
point mutation c.473G>A in exon 2 of the homeobox gene EMX2. This report together with the
earlier reported cases of schizencephaly associated
with EMX2 mutations, support the nding that at
least some cases of schizencephaly are caused by
deleterious mutations of this homeobox gene. This
emphasises the requirement of the EMX2 protein
for correct formation of the human cerebral cortex.

Introduction
Schizencephaly (SCH) is a rare grey matter malformation of the brain. It is a developmental disorder
with a defect in neuronal migration, the causes of
which could be an environmental insult or genetic.
The role of genetic factors and the only known
gene EMX2 that has been implicated in its etiology
in the past, has been a matter of great debate.
LHX2, a gene with an important cortical patterning role, and HESX1 and SOX2 genes that have
been associated with septo-optic dysplasia were
also checked for association with schizencephaly,
but no such association was found (Brunelli et
al.,1996; Tietjen et al., 2007; Mellado et al., 2010).
The homeodomain transcription factor EMX2 is
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critical for central nervous system and urogenital
development.

Case Report
We report a 7 year old boy aﬀected with bilateral schizencephaly with a heterozygous de novo,
deleterious point mutation in the EMX2 gene supporting its role in the etiology of schizencephaly.
The proband was a 7 year old boy who was born
to a non-consanguineous couple at term with no
neonatal complications. He had no siblings. He
was brought to the outpatient department by the
parents with complaints of severe developmental
delay noticed since the age of 3-4 months. Neck
holding was achieved only after 5 years and even
sitting with support had not been attained till the
time of presentation. Social smile was present. No
meaningful speech was present. The developmental age was 4 months. There was history of seizures
since 4 years of age and EEG showed asymmetric background with epileptiform discharges along
with left parieto-temporal sharp waves with secondary generalization. On examination at 7 years,
height was 114 cm (10th centile), weight was 16 kg
(3rd centile) and head circumference was 43 cms (-4
SD below mean) as per Indian standards.
There was microcornea with corneal diameter
being 8 mm (normal-11.5 mm). Teeth were widely
spaced with 2 large central incisors. The neurological examination was characterized by severe
spasticity along with brisk re exes in all limbs.
The mental impairment was severe with the boy
responding only to his mother’s voice by gestures with no other communication. A formal
development assessment test could not be performed. ﬂest of the systemic examination was
unremarkable.
MﬂI brain revealed bilateral schizencephaly. On
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the left side it was open lip (Type2) and on the right
side it was closed lip with grey matter heterotopia
(Type1) (Fig 1). Left frontal lobe showed pachygyria
and corpus callosum was thin. Ex vacuo ventricular
dilatation was seen.

ufacturer’s protocol (ﬁiagen). Direct sequencing of
all the coding exons of the EMX2 gene was carried
out.
The proband was found to be heterozygous for
a de novo point mutation c.473G>A in exon 2 of the
homeobox gene EMX2. This mutation leads to the
substitution of arginine by glutamine at position
158 (p.Arg158Gln). The mother and father of the
proband did not show any change in the sequence
pattern. This mutation identi ed in the proband
was predicted to be disease-causing by various
mutation-prediction software (SIFT, Polyphen and
MutationTaster). The mutation was con rmed to
be absent in 50 normal controls. It is a novel
variant and has not been reported in the Human
Genome Mutation Database (HGMD), Exome Aggregation Consortium (ExAC) and the 1000 genome
databases. It is conserved across other species.

Figure 2 Electropherogram showing homozygosFigure 1 T1- weighted images of MﬂI Brain show
bilateral schizencephaly. (a) Left frontal
lobe showed pachygyria and corpus callosum was thin. Ex vacuo ventricular
dilatation was seen. (b) On left side
it was open lip (Type 2) and on right
side it was closed lip with grey matter
heterotopia (Type1).
Blood samples were collected after written
consent and approval of the Institute Ethics Committee. Genomic DNA was extracted from the
mother, father and proband according to the man-
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ity for the wild type allele in the mother
and father (top) and heterozygosity for
the de novo mutation c.473G>A in the
child indicated by the arrow (bottom).

Discussion
Schizencephaly (SCH) is a congenital brain malformation characterized by full thickness clefts of the
cerebral mantle, extending from the pial surface
to the lateral ventricles, and lined by heterotopic
gray matter. Schizencephaly patients are clinically
characterized by motor and mental de cits along
with severe epilepsy of varying degree, according to
the severity and extent of the brain malformation
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Figure 3 Comparison with sequences of lower animals shows that the mutation is in the highly conserved
site of the gene.

(Brunelli et al., 1996; Tietjen et al., 2007). Two types
of schizencephaly have been described depending
upon the size of the area involved and fused or
open cleft lips. Type 1 contains a fused cleft where
the pial ependymal seam forms a furrow in the
developing brain and is lined by polymicrogyric
grey matter. In type II, there is a large defect, a
holohemispheric cleft in the cerebral cortex lled
with uid and lined by polymicrogyric grey matter.
Schizencephaly can arise from a number of
environmental factors including maternal trauma,
substance abuse, viral infection, in utero vascular
accidents in monozygotic twins, and other vascular disruptions (Yakovlev & Wadsworth, 1946;
Dominguez et al., 1991; Barkovich et al., 1992;
Curry et al., 2005). However, reports of familial schizencephaly and some reports describing
similar clinical and radiological features among
aﬀected individuals, suggested the possibility of
one or more genetic causes (Hosley et al., 1992;
Hilburger et al., 1993; Haverkamp et al., 1995;
Tietjen et al., 2007)
Initially several reports implicated the EMX2
(Homolog of Drosophila Empty Spiracles 2) transcription factor as a causative gene (OMIM *
600035) for schizencephaly (Brunelli et al., 1996;
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Faiella et al., 1997; Granata et al., 1997; Cecchi,
2002). A total of 18 patients were sequenced for
EMX2 in these studies, and 13 (72%) were found
to have various heterozygous mutations including
deleterious frameshift, splicing, or deletion mutations. Brunelli et al. (1996) examined 8 patients
and found clearly pathogenic EMX2 gene mutations in 3 patients all of whom had severe type II
schizencephaly.
However, later Tietjen et al. (2007) sequenced
EMX2 in a cohort of 84 aﬀected probands, could
not identify any pathologic mutations in this cohort
and suggested that EMX2 mutations are an uncommon cause of schizencephaly. More recently
Merello et al. (2008) provided results of EMX2
sequencing in 39 new SCH patients, detecting no
pathogenic mutations. They also reinterpreted the
results of original articles as showing a signi cantly
lower mutational rate (17%) in EMX2 than originally
reported (72%). Evidence also suggests that some
patients with schizencephaly have mutations in
genes other than EMX2 like SIX3 (OMIM * 603714),
or SHH (OMIM * 600725) genes (Dies et al., 2013).
We have found a de novo mutation in the EMX2
gene in our proband likely pathogenic as it was
not found in the normal parents and in the normal
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50 controls from the same population. In silico
data also supports the pathogenic nature of the
sequence variation. To the best of our knowledge,
the mutation described in this patient has not been
reported earlier in literature and databases (Human Genome Mutation Database). Identi cation
of the mutation in the EMX2 gene in this patient
has been of help in providing appropriate genetic
counseling to this family. As neither parent has
the mutation, it is most likely a de novo mutation
and therefore the risk of recurrence in the sibs is
not increased signi cantly. However, as reported
for many other autosomal dominant disorders,
germ-line mosaicism cannot be ruled out and the
family needs to be oﬀered early prenatal diagnosis
for subsequent pregnancies.
Identi cation of the EMX2 gene mutation in
this patient supports the role of this gene in the
causation of schizencephaly and reinforces the
importance of genetic testing in more cases of
schizencephaly.
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Coffin Siris Syndrome: A Disorder of SWI/SNF Pathway
Shivani Mishra and Shubha R Phadke
Department of Medical Genetics, Sanjay Gandhi Post Graduate Institute of Medical Sciences, Lucknow
Email: shubharaophadke@gmail.com

Abstract
Coﬃn-Siris syndrome ”CSS) is classically characterized by aplasia/hypoplasia of the distal phalanx or
nail of the fth digit, coarse facial features and
moderate to severe developmental delay. CSS
is a genetically heterogeneous disorder with clinical variability. ﬂecently, mutations in ve genes
which encode for subunits of the ATP dependent
chromatin-remodeling complex- switch/sucrose
non-fermenting ”SWI/SNF): SMARCB1, SMARCA4,
SMARCE1, ARID1A and ARID1B, have been found
to be responsible for the disorder. The CSS phenotypes and the SWI/SNF complex are discussed in
this paper.

pathway-based genetic testing ”Fig. 5). Further
SOX11 mutations have been recently discovered in
CSS patients with a mild phenotype. SOX11 is the
downstream transcriptional factor of the PAX6-BAF
complex.

Introduction
Coﬃn-Siris syndrome ”CSS) also known as Fifth
digit syndrome ”OMIM#135900) is a genetic disorder, classically characterized by aplasia/hypoplasia
of the distal phalanx or nail of the fth digit, coarse
facial features and moderate to severe developmental/cognitive delay. Other ndings commonly
include failure to thrive, feeding diﬃculties, frequent infections, short stature, hypertrichosis,
sparse scalp hair, ophthalmologic abnormalities,
microcephaly, brain malformations, speech delay
and hearing loss, etc. ”Figs. 1, 2, 3, 4). It
was rst described by Coﬃn and Siris in 1970 in
3 unrelated girls with severe mental retardation,
absent nails and hypoplastic distal phalanges of
fth ngers ”Coﬃn & Siris, 1970). CSS is inherited in
an autosomal dominant manner. Mutations in ve
genes encoding subunits of the ATP dependent
chromatin-remodeling complex- switch/sucrose
non-fermenting ”SWI/SNF): SMARCB1, SMARCA4,
SMARCE1, ARID1A, and ARID1B have been found
to be responsible for the disorder and have
been identi ed by whole exome sequencing and
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Figure 1 Hypoplasia of nail of

fth digit in a
patient with Coﬃn-Siris syndrome.

Figure 2 Hypolplasia of nail of

fth toe in a
patient with Coﬃn-Siris syndrome.
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Figure 5 Genes of the SWI/SNF pathway involved
in Coﬃn- Siris Syndrome.

Figure 3 Increased body hairs ”hypertrichosis) in
a patient with Coﬃn-Siris syndrome.

Figure 4 Coarse facial features in Coﬃn- Siris
Syndrome- bushy eyebrows, broad
nasal bridge and bulbous nasal tip.
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CSS: A Genetically Heterogeneous
Disorder
CSS has a distinct clinical phenotype. Clinical
criteria of CSS include three major ndings and
one of each of the three minor ndings. The
major ndings are fth digit nail/distal phalanx
hypoplasia/aplasia, developmental/cognitive delay
and coarse facial features with bushy eyebrows,
thick lips, broad nasal bridge with bulbous nasal
tip. Minor ndings include- 1) ectodermal ndings
like hirsutism, sparse scalp hair, dental anomalies;
2) constitutional ndings like intrauterine growth
retardation ”IUGﬂ), short stature, microcephaly, failure to thrive, frequent infections; 3) organ related
ndings like cardiac anomalies, feeding diﬃculties, genitourinary/renal anomalies, gastrointestinal anomalies and brain/cranial malformations.
Because molecular genetic testing has identi ed
causative pathogenic variants in several individuals
with coarse facial features and intellectual disability that overlap with classic CSS but with little
or no fth digit hypoplasia/aplasia, evaluation of
individuals with a broader phenotype is required
to determine the frequency of this nding in individuals with molecularly con rmed CSS. Newer
diagnostic criteria are likely to evolve to include
both clinical features and molecular ndings to
evaluate a broader phenotype for CSS. For exam-
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ple ARID1B variants have been found in persons
with intellectual disability, some without distal digital or fth nger hypoplasia/aplasia [Halgren et al.,
2012; Santen et al., 2012].

Genotype-Phenotype Correlation
Genotype-phenotype correlations in CSS have not
been clearly de ned.
Pathogenic variants in
ARIDB1 have been identi ed in individuals with
mild CSS and/or apparently isolated intellectual
disability by exome sequencing ”Hoyer et al., 2012).
These individuals have many features of CSS like
developmental delay, hearing loss, seizures and
dysmorphic facial features but only a subset has
fth digit anomalies. In addition to classic features, individuals with SMARCB1 mutations are
associated with severe neurodevelopmental abnormalities including CNS structural abnormalities,
severe intellectual disability, seizures, scoliosis and
speech delay; expressive language being aﬀected
predominantly. Especially, those with a recurrent mutation p.Lys364del presented strikingly
similar phenotypes including characteristic coarse
facial features. Patients with SMARCA4 mutations
have less coarse craniofacial appearances and behavioral abnormalities. SMARCE1 mutations have
a wide spectrum of manifestations from moderate to severe intellectual disability. Patients
with ARID1A mutations have a wide spectrum of
manifestations from mild to severe intellectual
disability and serious internal complications due
to cardiac anomalies, feeding diﬃculties, genitourinary/renal anomalies, gastrointestinal anomalies
and brain/cranial malformations that could result
in early death.
Mutation in genes involved in CSS also causes
cancer. ARID1B truncating mutations ”and one
small in-frame deletion) were identi ed in breast
cancer tissue. Inactivating mutations of ARID1A are
a common feature of gastric cancer and truncating
somatic mutations of endometriosis-associated
ovarian clear cell and endometrioid carcinoma.
ﬂecently, missense mutations of SMARCA4 were
identi ed in medulloblastoma and SMARCB1 in
meningiomas. Truncating as well as missense
mutations in SMARCB1 in the germline are associated with Schwannomatosis, a tumor suppressor
syndrome. SMARCE1 mutations have not been
unequivocally linked to tumor formation, but two
truncating mutations which are thought to lead
to haploinsuﬃciency were reported in the breast
cancer tissue ”Santen et al., 2012).
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SWI/SNF Complex and its Function
The DNA in human chromosomes is packed in the
cell nucleus in the form of nucleosomes, which
are formed by ∼147 bp of DNA wrapped around
histone proteins. Nucleosomes are assembled into
condensed chromatin which inhibits access to DNA
for cellular proteins that drive chromatin-based
processes, including transcription and DNA repair.
An important step in the regulation of these nuclear
processes is the modulation of chromatin structure. It can be achieved by two mechanisms either
by involving the modi cation of residues in the
histone tails or by the activity of ATP-dependent
chromatin remodeling complexes ”Santen et al.,
2012). SWI/SNF ”Switch/Sucrose Non-Fermentable)
are the chromatin remodeling complexes present
in human cells and play an important role in
transcription, cell diﬀerentiation, DNA repair, and
tumor suppression.
The SWI/SNF complex was rst discovered in
the yeast, Saccharomyces cerevisiae and is named
after yeast mating types switching ”SWI) and sucrose non-fermenting ”SNF). The SWI/SNF complex
in yeast contains the ATPase Swi2/Snf2p, two
actin-related proteins ”Arp7p and Arp9) and other
subunits involved in DNA and protein-protein interactions which causes alteration of nucleosome
structure in an ATP-dependent manner. ﬂSC ”ﬂemodeling the Structure of Chromatin), a closely
related complex, was also identi ed in yeast. This
complex is composed of 17 subunits and shows
similarities to the SWI/SNF complex. The structures
of the SWI/SNF and ﬂSC complexes are highly conserved, but their compositions are not identical,
re ecting an increasing complexity of chromatin
through evolution. SWI/SNF and ﬂSC complexes
in higher eukaryotes maintain core components
to maintain overall shape and remodeling activity
and also substitute or add on other components
with more specialized or tissue-speci c domains.
As in yeast, humans contain two distinct remodeling complexes homologous to SWI/SNF and ﬂSC,
respectively. These two complexes are called BAF
”BﬂG1 Associated Factors) and PBAF ”Polybromoassociated BAF) ”Table 1).
SWI/SNF complex consists of 15–20 subunits
and is thought to remodel chromatin through ATPdependent sliding of nucleosomes along the DNA.
It binds near promoters to facilitate the binding of
transcription factors and regulate the expression
of genes in yeast, including those involved in sugar
and iron uptake. In humans, its mode of action is

9

GeNeViSTA
Table 1 SWI/SNF and RSC components during evolution.
S.cerevisae
COMPLEX

H.sapiens

SWI/SNF

RSC

BAF

PBAF

Swi2/Snf2

Sth1

BﬂG1/hBﬂM

BﬂG1

Swi3

ﬂsc8/Swh3

Swi1/Adr6

BAF155/BAF170
BAF250 a,b

ﬂsc9

BAF200

ﬂsc1,2,4

BAF180

Swp73

ﬂsc6

BAF60 a,b,c

Snf5

Sfhl

INI1/BAF47/hSNF5
BAF57
BAF45 a,b,C,d

Arp7,9

Beta actin
BAF53a,b
BﬂD7

Swp82
Snf6
Snf11
Taf14
ﬂsc3-5,7
ﬂsc10,30
Ht11
Ldb7
less clear. Many SWI/SNF complexes do not bind
near promoter sites, but a substantial number of
genes involved in cellular processes are controlled
by this complex, like those involved in cell adhesion
and cell diﬀerentiation. The catalytic subunits of
SWI/SNF complex, the SMAﬂCA2 and SMAﬂCA4
ATPases, as well as structural components, AﬂID1A
and AﬂID1B, are required for transcription regulation.
Moreover, these subunits can exert
antagonistic eﬀects on transcription regulation of
cell cycle regulators, like c-Myc, illustrating their
importance in determining SWI/SNF activity. It
has been shown that the structure of the complex
changes upon diﬀerentiation of cells, suggesting
that distinct SWI/SNF complex may be important
for cell diﬀerentiation. SWI/SNF also plays important role in DNA repair. Its inactivation leads to
impaired DNA repair and reduced cell survival after
exposure to genotoxic agents. Defects in DNA
repair often lead to genomic instability, which is
one of the hallmarks of cancer. This explains why
inactivating mutations in SWI/SNF components reGenetic Clinics 2016 | July - September | Vol 9 | Issue 3

sults in genomic instability and could lead to cancer
development.

Chromatin Remodelling
Chromatin remodeling is an enzyme-mediated
process which facilitates access of nucleosomal
DNA by remodeling the structure, composition
and positioning of nucleosomes. Nucleosomal
DNA is accessed by two major classes of protein
complexes: 1) Covalent histone-modifying complexes, 2) ATP-dependent chromatin remodeling
complexes. Histone-modifying complexes are speci c protein complexes that catalyze addition or
removal of various chemical elements on histones.
These enzymatic modi cations include methylation, acetylation, phosphorylation, and ubiquitination and primarily occur at N-terminal histone
tails. These enzymatic modi cations aﬀect the
binding aﬃnity between histones and DNA, and
thus, loosening and tightening of the condensed
10
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DNA wrapped around histones. ATP-dependent
chromatin-remodeling complexes regulate gene
expression by either moving, ejecting or restructuring nucleosomes. These chromatin-remodeling
complexes have a common ATPase domain. Energy
from the hydrolysis of ATP allows these chromatinremodeling complexes to reposition nucleosomes
”slide, twist or loop) along the DNA or remove
histone from DNA, or causes exchange of histone
variants ”Fig. 6). This creates nucleosome-free
regions of DNA for gene activation. SWI/SNF is an
ATP-dependent nucleosome remodeling complex.
Two mechanisms of chromosome remodeling by
SWI/SNF have been proposed. The rst model
involves a unidirectional diﬀusion of a twist defect
in the nucleosomal DNA that starts at the DNA
entry site of the nucleosome and results in a
corkscrew-like propagation of DNA on the histone
octamer surface. The second model involves looprecapture mechanism. It involves the dissociation
of DNA from the edge of the nucleosome and
reassociation of DNA inside the nucleosome, resulting in a DNA bulge on the octamer surface. The
DNA loop then propagates over the surface of the
histone in a wave-like manner and results in the
repositioning of DNA to histone without changes in
the total number of DNA-histone contacts. A recent study has concluded strong evidence against
the twist diﬀusion mechanism and has further
strengthened the loop-recapture model ”Tang et
al., 2010).

Role of BAF Complex in Neural
Development
In mammalian neural development, developmental stage-speci c BAF assemblies are found in
embryonic stem cells, neural progenitor cells and
postmitotic neurons.
Particularly, the neural
progenitor-speci c BAF ”npBAF) complexes are essential for controlling the neural progenitor cell
division, while neuronal BAF ”nBAF) function is necessary for the maturation of post-mitotic neurons
as well as long-term memory formation. Transition
from npBAF to nBAF complexes is a microﬂNAmediated mechanism and is instructive for the
neuronal fate and can even convert broblasts into
neurons. In neurological disorders, the frequency
of BAF subunit mutations is high. This underscores
the rate-determining role of BAF complexes in
neural development, homeostasis, and plasticity
”Sony et al., 2014).

Approach to Diagnosis
Diagnosis of CSS is based on both clinical features
and molecular testing. The frequency of mutations
in diﬀerent genes in a study of 109 patients is
as follows: ARID1B1 ”65%), ARID1A ”7%), SMARCB1
”12%), SMARCA4 ”11%), SMARCE1 ”2%) and PHF6
”2%) ”Kosho et al., 2014). The following owchart
outlines the diagnostic approach to a patient with
clinically suspected CSS.
APPROACH TO DIAGNOSIS OF CSS
Clinical suspicion of CSS
OR
ARID1B gene sequencing
If no pathogenic variant

Gene panel or exome
sequencing by Next
generation sequencing

Deletion/duplication study in ARID1B
If negative
Sequencing of following genes in sequence of mutation
frequency SMARCB1, SMARCA4, ARID1A, SMARCE1 and PHF6

Genetic Counseling
Figure 6 Diﬀerent eﬀects of ATP-dependent
chromatin remodeling activity of remodelers ”SWI/SNF) on nucleosomal
DNA.
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CSS is inherited in an autosomal dominant manner.
Till date, all the pathogenic variants detected have
been de novo mutations. If the pathogenic variant
found in the proband is not detected in either
parent, the risk to sibs is low but greater than that
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of the general population because of the possibility
of germline mosaicism. However, there has been
no instance of germline mosaicism reported thus
far in molecularly con rmed CSS patients. Prenatal testing for pregnancies at increased risk is
possible after identifying the causative gene mutation. With the exception of one report of parental
transmission, typically individuals with CSS do not
reproduce.

Conclusion

Management of CSS
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Management of CSS is basically supportive. Occupational, physical and/or speech therapies are
required to optimize developmental outcomes.
Supplementation of nutrients and/or gastrostomy
tube placement may be required to meet nutritional needs. ﬂoutine management of hearing loss
and ophthalmologic abnormalities is required.

SWI/SNF Targeted Therapy for Cancers
There is growing evidence for mutations in the BAF
complex genes to be causal for CSS. The biology of
BAF is very complicated and still remains unknown.
According to recent studies SWI/SNF-mutant cancers depend on residual SWI/SNF complexes for
their aberrant growth, revealing synthetic lethal
interactions that could be used for therapeutic purposes. Certain cancers like small cell lung cancers
and acute leukemias lack SWI/SNF mutations and
are vulnerable to inhibition of the SWI/SNF ATPase
subunit BﬂG1, whereas several other cell types
do not show this sensitivity. There is emerging
evidence that implicates SWI/SNF as a candidate
drug target in human cancer.
Further research is required to reveal the importance of the SWI/SNF and BAF complex in human
development, which could lead to the development
of new targeted therapies for CSS in the future.

CSS is a heterogeneous disorder that can be diagnosed by clinical and molecular genetic testing. At
present no de nitive treatment is available. Therapies targeting the SWI/SNF pathway need further
research.
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Abstract
Newborn screening ”NBS) program refers to a
nation-wide or state-wide program that identi es
and treats newborns with rare congenital conditions before the onset of symptoms, preventing
premature death and serious disability in thousands of newborns. Following the great success of
Next Generation Sequencing ”NGS) technology in
the clinical diagnosis of genetic disorders, a lot of
expectations have been raised among researchers,
clinicians and the public for its implementation
in the newborn screening program ”NBS). But in
view of the ethical, legal and social issues revolving
around the use of genome sequencing approaches
in health-care and public health programs it is
necessary to address these issues beforehand to
avoid its long term failure. This review will focus on
the realized and expected bene ts of using NGS in
state NBS program and will also highlight the major
hurdles and practical diﬃculties that have to be
considered for materialization of such a program.

Introduction
Till date Sanger sequencing has been the gold
standard for DNA sequencing. Using this technology a major foray called the Human Genome
project started in 1990 and lasted for 13 long years
wherein $3 billion was expended to determine the
whole human genome sequence. But in spite of
the known usefulness of DNA sequence analysis
at that time it was beyond imagination for the
clinicians to think about sequencing every patient’s
genome to nd possible variants underlying the
concerned disease due to practical limitations of
this technology i.e. being expensive and time
consuming. Thereafter, with continuous advancement in the research methodology and scienti c
aptitude, DNA sequencing underwent major im-
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provements making it possible to sequence a large
number of samples in parallel which was not quite
possible by Sanger sequencing. The emergence of
Next generation sequencing ”NGS) in 2005 met the
key shortcomings of Sanger sequencing in being
more cost eﬀective, rapid, and requiring lesser
amount of DNA. Clinical implementation of NGS for
disease characterization in individual patients was
found to be highly fruitful ”Worthey et. al., 2011;
Lupski et. al., 2010; Liew et. al., 2013).
NGS, in view of its present achievements in
the eld of diagnosis, has heightened the expectations of the scienti c community and clinicians
in incorporating it in routine clinical practice and
more recently in mass screening programs like NBS
”new born screening).This review will focus on the
realized and expected bene ts of using NGS in
the state NBS program and will also highlight the
major limitations that have to be considered for
materialization of such a program.

Extension of NBS in the Genomic Era
NBS is an essential, preventive public health
program established internationally in order to
identify disorders in newborns that was started
almost 55 years ago. It began as a method for
pre-symptomatic diagnosis and preventive treatment for one disorder Phenylketonuria ”PKU) in
newborns and later, in the 1990s, with the introduction of a much cheaper and reliable analytical
technique Tandem mass spectrometry, more than
30 diﬀerent metabolic disorders were added to
the screening panel in neonates which led to a
signi cant expansion of NBS. The initial guidelines
followed for including any disorder in the neonatal screening program were based on the Wilson
and Jungner criteria ”Laine et. al., 2013) that
emphasized on conditions that are considered as
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an important health problem with well understood
natural history and requiring immediate medical
intervention in order to prevent serious and permanent illness, and for which there is an available
treatment. Currently with expanded NBS most
babies are screened at birth for between 30 and 50
genetic disorders, primarily by using tandem mass
spectrometry ”MS/MS) and many of these disorders
do not t into the classical paradigm of NBS. In this
way, newborns are being screened even for conditions that do not present as emergencies and may
not be immediately life-threatening, but could bene t from treatment with prophylactic antibiotics or
if their screening might have additional bene t to
parents for reproductive purposes ”Grosse et. al.,
2006). Thus, right from the beginning, expansion
of NBS has been an attempt to provide maximum
bene t to the child and the family, through use
of the growing knowledge about genetic disorders
and technology. Now when we are in the Genomic
era where progress is taking place in an ever
quickening pace, many of the seemingly unrealistic
visions are beginning to materialize. The recent

reduction in the cost and time required for sequencing the whole genome and the promise it
holds both for research and health care have drawn
a signi cant momentum around the idea of using
NGS in a state-run mass screening program for
NBS. But before this thought could be objecti ed
we must recognize all the challenges that might
interfere in attaining this vision.

Challenges to be Faced Before the
Establishment of NGS-NBS Program
NBS, as discussed before, is a state-run mass
screening program that aims to identify serious,
treatable disorders in asymptomatic newborns that
require immediate medical intervention. To carry
out newborn screening NGS can be used in a
better way. Being a high throughput technology
it can scan the entire sequence of the newborn’s
genome to produce a huge amount of information
about target and oﬀ target disorders, information
of which may or may not be desired, and may
not require clinical intervention, but it stands as a

Table 1 Challenges to be addressed before implementation of Next generation sequencing in
newborn screening.
ISSUES

KEY QUESTIONS

DATA STORAGE

Who will be responsible for maintenance and governance of large
amount of data generated?

REAL COST

Keeping in mind the costs for data analysis, family noti cation, follow
ups and con rmatory testing, what should be the cost per test and
the total cost for screening?

ETHICAL CONSIDERATION

How to report uncertain results to parents and how to do follow up
once the newborn is discharged from the health center?
Whether to report back results for late onset disorders to parents as
it hampers the child’s autonomy to know or not to know?
Who will be responsible for the privacy of stored data and results
until maturation of the child?
How to settle the issue of sharing results regarding serious, preventable genetic disorders with at-risk close relatives, if parents
decline to give consent?
Will the test information result in prejudice against individuals with
genetic disorders?

INSURANCE DISPUTES

Will test information make it diﬃcult for an individual to obtain health
insurance as predisposition to a genetic disease might be considered
as a pre-existing condition?

MEDICAL MALPRACTICE

Whether clinicians are properly trained to interpret data generated
by genome sequencing?
Will hospital administrators be sued over testing errors?
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modern choice over existing technology. In view of
the signi cant demands in achieving the NBS objectives, NGS is expected to bring both these ends
”NBS with modern technology) together. However,
this de nitely calls for making changes in the current policy, ethics and legal considerations ”Table
1).
• NGS-NBS: Whole Genome, Exome or Gene
Panel: At the most basic level, before establishment of NGS-NBS, the rst thing to be sorted out
is how is NGS to be used in a screening program?
NGS being a most versatile tool can be implemented in diﬀerent ways to provide information
about the entire genome or only the gene coding
region or certain target genes in a selected panel
known to be involved in disease pathogenesis.
Generally exome sequencing has an edge over
sequencing of the entire genome, owing to its
low cost and easy interpretation in terms of disease.
But the exome covers only 1% of the
human genome: thus any DNA variation in the
non-protein coding region will obviously be missed.
Furthermore, exome capturing by hybridization can
introduce substantial amount of coverage variability that will have impact on comparative analyses.
Also, copy number and structural variations ”CNVs
and SVs), as well as some insertions, deletions and
block substitutions are diﬃcult to detect in exome
capture data ”Belkadi et al., 2015; Meynert et. al.,
2014). These studies highlight the technical upper
hand of whole genome sequencing over exome
sequencing in providing an intrinsically richer data
of polymorphisms outside the coding region and
disclosing genomic rearrangement. With the steep
reduction in the cost of DNA sequencing in recent
years ”Wetterstrand, 2013; Young S, 2014), the
main economic bene t of using exome sequencing
is nulli ed as more sequence information now
could be obtained by using WGS, thereby cost
eﬀectively supporting the use of WGS in NBS. To
explore the possibility of establishing WGS-NBS a
study was performed recently, which compared the
screening results of 1,696 infants by the state-run
NBS program and whole genome sequencing for
27 disorders. Though WGS yielded fewer false
positive results as compared to TMS-based NBS,
the frequency of results with uncertain signi cance
was quite high. The conclusion of the study was
that WGS might be used in complementation with
the present TMS-based NBS assays ”Dale et al.,
2015). Conversely, a recent online survey to analyze the professional opinion of genetic counselors
about the use of whole genome sequencing in
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the newborn period identi ed that majority of the
respondents felt that presently WGS should not be
used in NBS and if it were to be used, it should not
be mandatory. They considered that accurate interpretation of the result, more extensive consent
process, pre and post-test counselling, comparable
cost and turnaround time must be achieved before
using NGS in NBS ”Ulm et al., 2015). Howard et
al. in 2015 have suggested to perform targeted
analysis of genes that are clearly involved in a speci c disease with eﬀective and accepted preventive
or therapeutic intervention ”Howard et al., 2015).
However the choice of panel of genes to be tested
will depend upon the epidemiological prevalence
which is not uniform across the world.
• Data storage and retrieval: cost and privacy:
Sequencing the genome of all the newborns will
generate a huge amount of data and proper data
analysis and storage will be required. The cost of
the TMS-based NBS procedure ”2011) in the European Union ranges from € 0.46 per newborn to
€ 43.24 which is much lower in comparison to the
cost that will be needed for sequencing neonate
genome and analyzing the data ”Frank et al., 2013).
The real budget for the entire process of screening
by applying genomic sequencing is far more than
the proposed $1000 as it does not include the cost
of data analysis, family noti cation and follow-ups
and con rmatory testing ”Mardis et al., 2010). On
an average 353,000 babies are born per day around
the world and the economic feasibility of sequencing, analyzing and maintaining the vast amount of
data generated is questionable. In the case of late
onset disorders or a fatal disease the information
regarding the result of sequencing must be given
to the child after he becomes mature and decides
to know his disease status. Fully guaranteeing the
governance and privacy of this information until
being disclosed is not possible ”Chadwick et al.,
2013). However, as the speed at which technology
is progressing, in the near future it is likely that
more advanced cost eﬀective sequencing technology will emerge, thus there might actually be no
need to store such information and sequencing
could be done when desired at a later age. But
this option will invalidate the much boasted utility
of NGS at an early age and using the information
generated for aiding personalized medicine in the
future.
• Variants of unknown clinical utility: Incorporation of NGS in NBS will increase the number of
uncertain variants simultaneously increasing the
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burden on the parents and the care providers
”Cooper and Shendure, 2011). Additionally, it will
also lead to an upsurge in the pressure on the
laboratory and clinicians to determine the clinical
validity of the variant at the earliest. A combination
of variants might be detected in some newborns
which may never lead to occurrence of disease.
This will cause consequences of over-treatment
in an otherwise healthy child and will result in
unnecessary psychological and nancial burden on
the family. On the other hand, as sequencing is not
totally free from error and also there are chances
that some variations might get missed depending
on the sequencing platform used, an infant may
get deprived of early diagnosis and ameliorative
or preventive therapy ”Knoppers et al., 2013; Clark
et al., 2011). Interpretation of results might also
vary among the laboratories and there might exist
discrepancy in assigning a variation as pathogenic
or inconsequential hence causing under-diagnosis
or over-diagnosis of disease. Keeping all this in
mind it is advisable to determine whether or not to
return uncertain results to the parent.and whether
to store the data until validation of these variants
and to then notify it to the parents Also, as the
status of variants of unknown signi cance keeps on
changing and is mostly reclassi ed over time, it is
important to plan follow-up procedures and family
noti cation wisely without raising anxiety among
the parents. The follow up procedure in a country
like India will become even more problematic as
most of the families come from remote areas and
are often impossible to trace again.
• Unsolicited ndings: Although the main emphasis of the NBS program is centered around what
is most bene cial for the child and its expansion
to NGS is expected to maximize the bene ts to the
child’s health, exome or whole genome sequencing
can often reveal probabilistic information about
the relatives in the extended family also. The
primary concern of the clinician is to decide on
how to return these results to the parents. Though
the information of an adult onset disease may
not be required for the child, it might still have
clinical implications for the parents or relatives.
It is a con icting situation for the clinician to
decide whether to disclose it to the concerned
at-risk individual as it may hamper the child’s right
to an open future. Many attempts have been
made to categorize these unsolicited ndings and
decide which of these to be disclosed, but not
in the screening context ”Bredenoord et al., 2011;
Berg et al., 2011). More recently the Public and
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Professional Policy Committee of the European
Society of Human Genetics, the Human Genome
Organization Committee on Ethics, Law and Society, the PHG Foundation and the P3G International
Pediatric Platform have recommended that unsolicited ndings which lead to a preventable or
treatable health problem should be communicated
”Howard et al., 2015). Such ethical issues need to
be considered and it is advisable to counsel the
parents about such consequences before the test
is performed. In case of untreatable diseases, it
is recommended that the information must not be
given to the parents but to the child at the proper
age after consent ”Shannon, 2014).
• Need for clinicians trained in genetics: A
large number of variants are identi ed in sequencing the newborn genome and the clinical relevance
of most of them is not so straight forward. ﬂelatively few doctors receive signi cant training in
genetics and related molecular sciences, and thus
lack the background needed to eﬀectively interpret
the results of a genetic test. What to report back
to the parents is often a diﬃcult judgment call for
these clinicians and if this issue is not addressed
before extending NBS to NGS, it may increase the
number of cases of medical malpractice, where
a physician can be held responsible for not being able to detect or disclose the genetic risks
preceding the eventual manifestation of the genetic disorder. Though not in context of newborn
screening, but a recent case in Connecticut in which
a woman sued her physician for failing to warn her
that her family history of breast cancer also implied
a possible genetic risk for ovarian cancer ”Downs
v. Trias, 2012) provides some insight into the
bigger picture of NBS upgradation and its pitfalls.
One factor that can help reduce liability risks is to
improve the knowledge and training of physicians
on genetics-based healthcare. But unluckily, most
medical schools have only recently started training
students in genetics, and many physicians feel
that they are not well trained to address genetic
issues ”ﬂichard et al., 2011).On the other hand,
the fear of missing important genetic information
and being held for medical malpractice might force
the physician and the policy makers to return
more positive results to the parents for which the
follow up results may be normal but still it can
have negative psychological impact on the parents
”Hewlett et al., 2006; Johanna et al., 2012).
• Informed consent: NBS is usually conducted
without an explicit consent because it is seen to be
16
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in the best interest of the child’s health. However,
for genetic screening informed consent is the utmost requirement and the case is no diﬀerent in
genetic NBS also. The biggest concern in obtaining
parental consent is that who should convey the
complicated genetic counselling to the parents and
get the informed consent? Are the nurse and
physician well trained for this or a genetic counselor must be appointed for this purpose? Will it be
possible to give such facilities in smaller hospitals
and medical centers where most of the babies are
born? Would an information brochure be suﬃcient
for resolving parental queries regarding genetic
screening and whether most of the parents, who
have minimal genetic testing experience, can actually understand the complex genetic information
”Harvey, 2014)? A survey was recently carried out
on parents’ opinion of whole-genome sequencing for newborns, if it were oﬀered by newborn
screening programs or pediatrician services. In
both scenarios, 70% of parents expressed interest
in whole-genome sequencing, citing test accuracy
and the ability to protect a child from developing
a disease as important factors in their decisionmaking process. But rest of the parents expressed
no interest in newborn WGS and were concerned
about the privacy of results , potential for results
to be used to discriminate against their child, and
that results could be used for research ”Goldenberg
et al., 2014). Thus the major threat for genetic
NBS is that some parents might completely opt out
of NBS due to fear that the detection of certain
genetic variations in their newborn can jeopardize
obtaining health or life insurance, or even school
acceptance and future employment ”Landau et al.,
2014). This might have serious consequences for
an infant who has a disorder that needs immediate
medical intervention.

Testing the Ground Reality of NGS
For implementation of a robust technology like
NGS in a mass newborn screening program, the
main focus should not be just technologically biased; it should also be tested for its long and
short term impact on the family and the child.
The crucial question here is whether large-scale
genomic sequencing can provide useful medical
information beyond what current newborn screening is already providing and at what economical
and emotional cost? To address these issues
and to analyze the technical, clinical, practical
and ethical aspects of genomics research in the
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newborn period, the NICHD ”National Institute of
Child Health and Human Development) and the
NHGﬂI ”National Human Genome ﬂesearch Institute), both parts of the NIH ”National Institutes of
Health) had launched 4 pilot programs in the year
2013 and allotted a fund of $25 million to four
grantees over ve years. These grantees include:
Brigham and Women’s Hospital, Boston where the
genome sequence-based screening for childhood
risk and newborn illness will be studied in both sick
and healthy infants by employing whole genome
sequencing; Children’s Mercy Hospital, Kansas city
where the researchers are examining the bene ts
and risks of using rapid genomic sequencing technology in the NICU population and trying to return
the results in 50 hours; University of California,
San Francisco are conducting exome sequencing
utilizing newborn blood spots for disorders that
are or are not currently screened for in NBS
with an agenda to improve and expand NBS; and
University of North Carolina at Chapel Hill that is
performing exome sequencing of healthy infants
and infants with known disorders. These projects
are presently ongoing and in the years ahead we
may look forward to nding more realistic answers
to the current ambiguity regarding the application
of genomic sequencing in NBS.

Conclusion
Implementation of NGS in NBS would require
stretching the bene ts related to NBS i.e. from
what is good for the infant, to what might be
potentially good for the infant, to what might be
good for the family ”e.g., reproductive bene t or
health bene ts for family members), or to what
might be bene cial for the society at large ”research), thus in a way diluting the primary goal of
the screening program. Presently, in view of the
haze surrounding the use of WGS or WES in NBS,
it seems not likely to t within the available public
health-care system due to the practical, nancial
and ethical challenges that are making this vision
diﬃcult to achieve. Though the outcomes of the
pilot projects on large-scale assessments of the
risks and bene ts of genome sequencing for newborns will aid in designing the guidelines for NBS
expansion in the near future, as of now the topic
of newborn genome sequencing as a public health
initiative remains contentious. It is recommended
that such a program could be conducted but as a
commercial supplement with consent.
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Task Force on Lysosomal Storage Disorders
Indian Council of Medical Research funded Multicentric Research Project on Lysosomal Storage Disorders
(LSD) has been launched. Samples of cases of LSDs already conﬁrmed by enzyme assay or some other
standard diagnostic method will be accepted for mutation studies, with the requisite case details and
consent forms.
For further details please contact: info@iamg.in and see http://iamg.in/NTF-LSD.html
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Prenatal Arrays [Srebniak et al., 2016]

information for clinicians and researchers.

Fetuses with ultrasonographically detected abnormalities are known to carry a high percentage
of submicroscopic aberrations in addition to microscopically visible chromosome abnormalities.
These could only be detected by targeted testing in case of speciﬁc ultrasound anomalies, for
example, 22q11 deletion in fetuses with cardiac
defects. However, prenatal phenotyping based
on ultrasonographic evaluation is di cult. The
whole genome cytogenetic microarray is a solution to this problem. Srebniak et al. studied
the microarray ﬁndings in 1033 fetuses. In 7.4%
fetuses a pathogenic array ﬁnding was detected
of which 75% were submicroscopic aberrations.
More importantly, in 0.5% an unexpected diagnosis of a known syndrome ”often severe, early
onset, untreatable) was made that did not explain
the abnormal ultrasound ﬁndings. So, karyotyping as a stand-alone test is no longer adequate
and genomic SNP array should be the preferred
ﬁrst-tier technique to detect causative chromosome aberrations in fetuses with ultrasonographic
anomalies.

Variants in Resilients [Chen et al., 2016]

New rays with arrays [Nevado et al., 2014]
The advances in the use of microarrays for diagnosis and research in genomic disorders has
permitted the discovery of infrequent genomic
rearrangements in a variety of diseases and the
reports of several microdeletion and microduplication syndromes. The dilemma often encountered in
classifying the variants and the compilation of clinical and genetic information in various databases
cannot be overemphasiﬃed. Nevado et al. have
systematically reviewed the novel microdeletion
and microduplication syndromes described in the
past ﬁve years and grouped these 96 microdeletion
and 20 microduplication syndromes by chromosome location. This is a quick and useful source of
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Genetic studies of human disease have traditionally
focused on the detection of disease-causing mutations in a icted individuals. A complementary
approach is to identify healthy individuals resilient
to highly penetrant forms of genetic childhood
disorders. Chen et al. performed a comprehensive
screen of 874 genes in 589,306 genomes which
led to the identiﬁcation of 13 adults harboring
mutations for 8 severe Mendelian conditions, with
no reported clinical manifestation of the indicated
disease. These conditions include Smith –Lemli
–Opitﬃ syndrome, cystic ﬁbrosis, familial dysautonomia, epidermolysis bullosa simplex, Pfeiﬀer
syndrome, autoimmune polyendocrinopathy syndrome, acampomelic campomelic dysplasia and
atelosteogenesis which have early onset ”<18yrs),
severe phenotype and complete penetrance. This
Resilience Project demonstrates the promise of
broadening genetic studies to systematically search
for well individuals who are buﬀering the eﬀects of
rare, highly penetrant, deleterious mutations. This
may provide the ﬁrst step towards uncovering protective genetic variants that could help elucidate
the mechanisms of Mendelian diseases and new
therapeutic strategies.

NIPD of Duchenne muscular dystrophy
(DMD) [Parks et al., 2016]
The non-invasive prenatal diagnosis for single gene
disorders ”NIPSIGEN) project ”UK), aims at developing an aﬀordable NIPD test for single gene
disorders using cell free fetal DNA from maternal
blood. Success has already been reported for beta
thalassemia and congenital adrenal hyperplasia.
Recently, DMD has also been added to the list.
Massively parallel sequencing by targeted capture
enrichment of SNPs was performed across the dys-
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trophin gene followed by relative haplotype dosage
”RHDO) analysis. This showed a test accuracy of
100%, when the calculated fetal fraction was >4%
and correlated with known outcomes.
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GeNeEvent – Workshop on Rare Diseases

The workshop on Rare diseases titled To Develop a Scientiﬁc Program for Research on Rare Diseases
was held on April 22-23, 2016 at the Indian National Science Academy, New Delhi. The conference focused
on the current status and future directions in rare disease research, treatment and diagnosis. Participants
of the conference and the faculty debated on need for development of a national policy for rare/orphan
disorders relating to awareness, research, treatment, orphan drug development etc. Various stakeholders
including clinical geneticists, researchers, representatives from non-governmental organisations working in
this ﬁeld, government representatives , members from pharmaceutical companies, parent support groups
presented their views on the existing status of rare disorders in India and the vision for the route ahead.

Announcement
Genzyme−SIAMG Fellowship in Clinical Genetics
Duration and scope: Three months training in a Medical Genetics centre with clinical
and laboratory genetics facilities.
Eligibility: A post-graduate degree (MD/ MS) in Pediatrics, Obstetrics and Gynecology,
or General Medicine. Candidates with super-specialization are also encouraged to
apply.
Award Support: Consolidated emolument of Rs. 50,000/- per candidate per month, for
three months.
For details, please visit: http://www.iamg.in or write to info@iamg.in
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PhotoQuiz

PhotoQuiz - 33
Contributed by: Dr. Shubha R Phadke
Department of Medical Genetics, Sanjay Gandhi Postgraduate Institute of Medical Sciences, Lucknow
Email: shubharaophadke@gmail.com

This male patient presented with spontaneously resolving recurrent edema of diﬀerent body
parts. In this episode of severe facial edema, infusion of fresh frozen plasma was eﬀective in
recovery.
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 32
Mucolipidosis Type II (I cell disease) (OMIM # 252500)
Mucolipidosis type II, also known as I cell disease, is an autosomal recessive lysosomal storage
disorder characterized by coarse facies, growth retardation, psychomotor retardation, skeletal
abnormalities and cardiomegaly. It is caused by a defect in the phosphorylation and intralysosmal
localization of lysosomal enzymes, which leads to very signiﬁcant elevation of the levels of these
enzymes in the plasma. It results from homozygous or compound heterozygous mutations in the
GNPTAB gene on chromosome 12q23.2.
Correct Responses Were Given By:
1. S. Beena, Chennai
2. G. Aruna, Vellore
3. Poonam Singh Gambhir, Lucknow
4. Mohandas Nair, Kozhikode
5. Sheetal Sharda, Surat
6. Ashish Gupta, New Delhi
7. Jai Prakash Soni, Jodhpur
8. Jayaprakash KP, Kottayam
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Gaucher Disease
A Treatable Lysosomal Storage Disorder
YOU can make the difference!
Chronic progressive disease with multisystematic pathology
Enlarged Liver and Spleen

Inherited enzyme insufficiency
May cause disability, negatively impact
quality of life and shorten life span

Gaucher cells in bone marrow

Causing hepatosplenomegaly, anemia,
thrombocytopenia and bone
involvement
Increases the risk of hematological
malignancies, in particular multiple
myeloma (up to 50x)
Majority of children with Gaucher
disease will see a pediatrician in their
pursuit of a diagnosis!
A simple Dried Blood Spot (DBS)
test can be used to definitely
establish the diagnosis

Fatigue
Anaemia

Hepatomegaly

Splenomegaly

Bone problems
Marrow Infiltration
Pain
Osteonecrosis
Osteopenia
Pathological fracture

Bleeding tendency
Thrombocytopenia

Early recognition of Gaucher disease is important
because safe and effective treatment is available
with Cerezyme (imiglucerase for injection).

Hematoma6

COMPLIMENTARY DRIED BLOOD SPOT TESTING KIT & SERVICE
FROM GENZYME FOR DIAGNOSIS OF GAUCHER DISEASE
To place a request for your complimentary kit or to know more about the "Free of Cost" testing service, Gaucher Disease and
Cerezyme, you can sms LSD to 9225592255, or email us at: lsdinfoindia@genzyme.com. You can also contact the
Genzyme India office at 09560552265.

1st Floor, Technopolis, Golf Course Road, Sector - 54, Gurgaon - 122 001, Haryana, India
+91 124 452 8300
+91 124 452 8400
www.genzyme.in

CZINA140709(b)
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