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Hope in the Time of the Pandemic
Editorial

‘It was the best of times, it was the worst of
times; it was the spring of hope, it was the winter
of despair’. This opening phrase from ‘The Tale of
Two Cities’ by Charles Dickens comes to mind, as
we reflect on the sequence of events that have
been unfolding across the world over the past few
months. The ongoing COVID-19 pandemic has
brought the world to a standstill and brought a lot
of death and despair in its wake. However, there
have been stories of hope, human kindness, family
bonding and positive environmental impact, that
have brought some cheer in the midst of all the
gloom.

Science is the beacon of hope that is expected
to guide us through these dark and difficult
times. Technological advances in genetics and
molecular biology have enabled mankind to
make rapid strides in the management of this
sudden and unexpected crisis. With the help of
the high-throughput next-generation sequencing
technology and advanced bioinformatics tools,
scientists were able to sequence the entire
genome of the novel SARS-CoV-2 within a few
weeks of the first case reports. Knowledge of the
viral genome sequence led to the development of
real-time reverse transcription polymerase chain
reaction (rRT-PCR)-based assays targeting various
genomic regions of the virus. rRT-PCR has
become the gold standard diagnostic test for
COVID-19, and is being used extensively across
the world for rapid and accurate diagnosis of
the infection. Ascertainment of the viral genome
sequence and understanding of its molecular
biology, have also paved the way for identification

of drug targets, development of specific antiviral
therapies, and development of vaccines including
mRNA-based vaccines, for which clinical trials are
now underway. These events have reiterated the
fact that genetics is indeed the future of medicine.

The past few years have witnessed not
just technological advances in molecular
diagnosis, but also significant breakthroughs
in molecular therapy. The GenExpress in this
issue highlights some emerging therapeutic
strategies for certain genetic disorders, which
have shown promising results in clinical
trials, such as RNA-based therapy for
Huntington disease, hemoglobin S (HbS)
polymerization inhibitor (Voxelotor) for
sickle cell disease, triple combination
CFTR-modulator therapy for cystic fibrosis,
and oral deferiprone-based iron chelation
therapy for pantothenate kinase-associated
neurodegeneration (PKAN). These and many other
such promising therapies in the horizon, are
providing a glimmer of hope for the afflicted
patients.

Genetic Clinics hopes to bring you many more
such accounts and reports of successful therapies
for genetic disorders in the coming years. ‘Stay
safe, stay healthy’.

Dr. Prajnya Ranganath
Associate Editor

1st July, 2020

Join SIAMG

http://iamg.in/members.html
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Congenital Erythropoietic Porphyria:
A Case Report and Approach to Cutaneous Porphyrias

Sapna Sandal, Ratna Dua Puri
Institute of Medical Genetics and Genomics, Sir Ganga Ram Hospital, New Delhi, India

Correspondence to: Dr Ratna Dua Puri Email: ratnadpuri@yahoo.com

Abstract

Porphyrias are inherited disorders of the
heme biosynthetic pathway characterized
by overproduction of precursor metabolites
preceding the defective step. Congenital
erythropoietic porphyria (CEP) is a rare cutaneous
porphyria presenting in childhood. We describe
here a child with the classical clinical
presentation of CEP, who presented with history
of photosensitivity, blisters, and erythrodontia
beginning in the 2nd year of life.

Clinical description

A 4-years-3-months old boy, born of
non-consanguineous marriage, presented with
history of photosensitivity and blisters over the
sun-exposed parts for the last two years. The child
was born at term with a birth weight of 2.2 kg
(small for gestational age), with no antenatal
and perinatal complications. He was well until
2 years of age. At two years, parents noticed
that the child avoided playing in the sun and
would cry excessively when exposed to sunlight.
Subsequently, he started developing bullous skin
lesions on sun-exposed areas (face, hands and
feet). These lesions would heal with scar formation
over the next few days. The parents also noticed
that the child was passing reddish urine, staining
his clothes and diapers. There was no history
suggestive of pain while passing urine, oliguria, or
swelling of face, eyes and feet. The child was also
noted to have reddish-brown teeth. There was no
history of acute abdominal pain and seizures. On
examination, his anthropometric measurements
were normal for age. Hyperpigmentation,
hypertrichosis, blisters, multiple scars and ulcers
were noted over the entire face. Atrophic scars

and hyperpigmentation were also present on
the hands and feet. Nails were discolored and
periungual hyperkeratosis was present. Teeth
were coppery-red in color (erythrodontia) (Figure
1: A,B,C,D). Systemic examination was normal
without any hepatosplenomegaly. There was no
history of similar illness in any of the family
members.

A clinical diagnosis of bullous cutaneous
porphyria was made based on the
features of severe photosensitivity, blisters,
hyperpigmentation, scars, erythrodontia, and
coppery- reddish urine. As the onset of
illness was in early childhood the possibility
of congenital erythropoietic porphyria (CEP)
and hepatoerythropoietic porphyria (HEP) were
considered first. His complete blood count was
suggestive of microcytic hypochromic anemia.
Liver function and kidney function tests were
normal. Work up for hemolysis was normal with
normal urine and plasma hemoglobin. ELISA for
HIV was negative.

Urine porphyria screen for 𝛿-aminolevulinic
acid (ALA) and porphobilinogen (PBG) was normal.
Urinary total porphyrin levels were elevated and
urine HPLC for porphyrins was suggestive of
elevated uroporphyrins and coproporphyrins with
elevated uroporphyrin I and coproporphyrin I
isomers (Table 1). Based on the above findings,
a diagnosis of CEP was made. Clinical exome
sequencing showed a pathogenic homozygous 5’
splice variant c.660+4del A in intron 9 of the UROS
gene [NM_000375.2], confirming the diagnosis of
CEP. This variant has previously been described in
patients with CEP (Katugampola et al., 2012;
Weiss Y et al., 2019) and is classified as likely
pathogenic as per the American College of Medical
Genetics and Genomics-Association for Molecular
Pathology (ACMG-AMP) criteria (PM2+PP4+PS4)
(Richards et al., 2015).
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Figure 1 Proband at 4 years 3 months of age showing: A. hyperpigmentation over face along with scars
and ulcers. B. erythrodontia. C. periungual hyperkeratosis. D. hyperpigmentation over hands,
along with multiple scars and discolored nails.

Table 1 The urinary porphyrin levels in the index patient.

Metabolites Observed values Reference Range
Urinary total porphyrin/ Creatinine 3428.13 ug/g creat <175 ug/g creat
Uroporphyrin total/ Creatinine 2742.58 ug/g creat <33 ug/g creat
Uroporphyrin I isomers 92% 53-79%
Uroporphyrins III isomers 7.99% 21-47%
Coproporphyrin total/ Creatinine 485.68 ug/g creat <120 ug/g creat
Coproporphyrin I isomers 96.53% 17-31%
Coproporphyrin III 3.47% 69-83%
Uroporphyrin: coproporphyrin ratio 5.65 0.07-0.65

The child was advised sun protection,
protective clothing and sunscreen. Hematopoietic
stem cell transplantation is the only curative
therapy for CEP at present and the family
was counselled about the disorder and further
management.

Discussion

CEP also known as ‘Günther disease’ deriving its
name from the physician who first described it, is a
rare disorder with approximately 200 patients

reported till date (Erwin et al., 2019). It is a severe
bullous porphyria characterized by deficiency
of the enzyme uroporphyrinogen synthase III
(UROS III) which catalyzes the conversion of
hydroxymethylbilane into uroporphyrinogen III. In
the deficiency of UROSIII, hydroxymethylbilane
enters the non-enzymatic pathway and gets
converted into uroporphyrinogen I and
coproporphyrinogen I and subsequently into
uroporphyrin I and coproporphyrin I. These
uroporphyrins get deposited in various tissues,
bone marrow, plasma, skin and urine. These
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Figure 2 Stepwise diagnostic approach to cutaneous porphyrias.

compounds are photocatalytic and on exposure to
long-wavelength ultraviolet (UV) light result in
blister and vesicle formation and increased skin
fragility as seen in our patient. In erythrocytes
and bone marrow these result in hemolysis
and subsequent ineffective erythropoiesis and
erythroid hyperplasia (Erwin et al., 2019).

The clinical phenotype of CEP is quite variable
ranging from in-utero presentation to mild
adult phenotype. The most common clinical
presentation is photosensitivity with the formation
of bullous lesions which heals with scarring
and hyperpigmentation. In severe cases, the
loss of digits of hands and feet, also known
as photo-mutilation, has been reported. Other
features include corneal scars, ulcers, red or
dark colored urine, erythrodontia and hemolytic
anemia. Earliest sign in infancy is red staining of
diapers with urine due to accumulated porphyrins
(Erwin et al., 2019).

Other differentials which need to be
considered include other bullous porphyrias and
photocutaneous disorders like pseudoporphyria,
and epidermolysis bullosa. The other bullous
porphyrias which need to be considered include
HEP, PCT, VP and HCP (Figure 2). HEP,

caused by biallelic variants in UROD has a
childhood-onset with similar phenotype whereas
PCT, caused by heterozygous variant in UROD,
has an adult-onset and a milder presentation.
Both are differentiated through urine and
plasma porphyrin analysis. Pseudoporphyria is a
drug-induced bullous disorder seen in children
with juvenile rheumatoid arthritis who are on
nonsteroidal anti-inflammatory drugs (NSAIDs).
In pseudoporphyria, levels of porphyrins in the
urine, plasma, and stool are in the normal range.
Patients with epidermolysis bullosa have bullous
lesions, which usually present in the neonatal
period or early infancy and the bullae usually heal
without scar formation.

For bullous cutaneous porphyrias, the first-line
investigations include measurement of total
porphyrins in urine, plasma or stool, followed by
high-performance liquid chromatography (HPLC)
for typing the porphyria based on the quantity
of porphyrins elevated in urine (Figure 2).
CEP is characterized by the accumulation of
uroporphyrin I and coproporphyrin I as seen in
our patient. Initial screening can also be done with
spectrofluorometer which gives specific plasma
fluorescence emission peaks for VP and CEP at 626
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nm and 615-618 nm respectively (Rigor et al.,
2019). Further confirmation can be done with
molecular testing.

CEP is caused by either biallelic pathogenic
variants in the UROS gene in 98% of the
cases or on rare occasions, by hemizygous
pathogenic variants in the GATA1 gene (1%).
Variants including missense, nonsense, frameshift
and splice site variants as well as intragenic
deletions/duplications have been reported in the
UROS gene. The most common UROS pathogenic
variant reported in literature is p.Cys73Arg,
observed in 30-40% of the cases. The clinical
phenotype is largely determined by the amount of
residual enzyme activity (Erwin et al., 2016; 2019).

The treatment is predominantly supportive and
consists of avoidance of exposure to sunlight
and artificial sources of UV light, and red blood
cell transfusions for hemolytic anemia. The only
curative therapy is hematopoietic stem cell
transplantation, but this is also associated with
significant morbidity and hence is performed only
in transfusion-dependent patients or those with
very severe skin manifestations. Other therapies
are experimental including gene therapy,
proteasome inhibitor (Bortezomib) and chaperone
therapy (Ciclopirox) (Urquiza et al., 2018).

Conclusions

A meticulous clinical and laboratory approach
is the key to early diagnosis of congenital
erythropoietic porphyria, to halt further disease
progression and open ways for future treatment
options. Molecular testing is confirmatory
and is necessary for family counseling and
management and prevention of recurrence in
future pregnancies.
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Abstract

Diabetes mellitus is a chronic metabolic disease
with a rising trend of cases globally. While majority
are polygenic in origin, monogenic forms account
for 1-5 % of cases. Increased recognition of
monogenic types is the outcome of a wider
availability of molecular tests. With recent studies
showing misdiagnosis of monogenic forms as type
1 or type 2 diabetes, it is crucial to clinically
suspect these types with clinical and family history
and to decide regarding the need for molecular
tests. This article briefly describes the genetic
aspects of various types of diabetes, systematic
approach to a patient with diabetes and genetic
counselling regarding the recurrence risks for both
monogenic and polygenic forms of diabetes.

Introduction

Diabetes mellitus (DM) is a metabolic disorder that
is characterized by high blood sugar levels due
to insulin deficiency, insulin resistance, or both.
There is an increase in the global prevalence of
diabetes among adults over 18 years of age from
4.7% in 1980 to 8.5% in 2014 (Sarwar et al.,
2010). The prevalence of diabetes in India is
around 11.8% according to the National Diabetes
and Diabetic Retinopathy Survey report in 2019.
DM affects all age groups and is an example
of etiological heterogeneity. Diabetes causes
significant morbidity and is the leading cause
for blindness, renal failure, myocardial infarction,
stroke and lower limb amputation.

According to the recent classification by WHO
(2019), DM is grossly divided into type 1, type 2,
hybrid forms, monogenic diabetes and diabetes in
pregnancy. Type 1 and type 2 DM have polygenic
inheritance with a significant environmental
contribution to disease causation. While most
cases of diabetes are of multifactorial etiology,
a small percentage of cases are monogenic in

origin. This group includes neonatal diabetes,
maturity-onset diabetes of young (MODY) and
rare monogenic syndromes with genotyping being
most relevant in such patients. Genetic etiology
is important to tailor therapy and to prevent
misdiagnosis of subtypes. The risk of recurrence
as well as the issues in genetic counselling vary
depending on the etiology.

While predicting risk of recurrence is usually
straightforward for monogenic diabetes, such
prediction for type 1 and type 2 DM is difficult but
empirical risks can be provided based on family
history and other biochemical markers. In this
article, the genetic aspects and genetic counselling
for this common disease are discussed, specifically
highlighting the heterogeneous nature of this
disease.

Genetics of type 1 DM

Type 1 DM accounts for 5-10% of diabetes cases
and results from autoimmune destruction of
pancreatic 𝛽-cells leading to insulin deficiency.
Insulin autoantibodies (glutamic acid
decarboxylase (GAD65), islet antigen-2, ZnT8
transporter) can be detected in the blood of
about 85-90% of individuals (American Diabetes
Association, 2014). Type 1 DM can also present at
a later age and is known as ‘slowly evolving,
immune-mediated diabetes of adults’ previously
known as ‘latent autoimmune diabetes of
adulthood’ (LADA). The major genetic contributor
to type 1 DM susceptibility is the allelic variation in
the HLA region with some haplotypes having odds
ratios (OR) as high as 11 (Erlich et al., 2008).
Studies have identified various susceptibility and
protective alleles at HLA DP, DR-DQ loci (Varney et
al., 2010). Though genetic testing is not considered
to be a useful clinical tool in predicting the
risk of recurrence in type 1 DM, evaluation
of these alleles can be useful in identifying
pre-symptomatic individuals at risk.

Genetic Clinics 2020 | July - September | Vol 13 | Issue 3 6
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Table 1 Common syndromes associated with DM.

Subset Syndromes
Chromosomal disorders Down syndrome, Klinefelter syndrome, Turner syndrome
Triplet Repeat Disorders Huntington disease, Friedreich ataxia, Myotonic dystrophy
Obesity associated syndromes Bardet-Biedel syndrome, Prader-Willi syndrome, Alstrom syndrome
Others Wolfram syndrome

Genetics of type 2 DM

Type 2 DM represents 90-95% cases of diabetes
and is caused by insulin resistance and
relative insulin deficiency. Non-pregnant diabetes,
non-auto immune diabetes and diabetes with
no specific etiology fall into this category.
Genome-wide association studies (GWAS) have
identified over 70 loci associated with type 2
DM (Morris et al., 2012). Though majority of
these loci were identified in individuals of
European ancestry, studies conducted in the Asian
population have confirmed the associations of
these genetic variants with the risk of Type 2
DM in Asian populations (Qi et al., 2015). P12A
polymorphism (rs1801282) in PPARG and E23K
(rs5219) polymorphism in KCNJ11 are few of the
initial polymorphisms found to be strongly linked
to Type 2 DM in these populations.

Genetics of monogenic diabetes

Monogenic diabetes is a grossly under-recognised
condition and can occur due to a defect in
pancreatic 𝛽-cell function or insulin action. It
can be grossly divided into monogenic defects
causing pancreatic 𝛽-cell dysfunction {MODY,
neonatal DM (permanent and transient)}, defects
causing insulin resistance, and other syndromes
associated with DM (Table 1).• Monogenic defects causing pancreatic -cell
dysfunction:

1. MODY: Maturity-onset diabetes of young
(MODY) is the most common type of
monogenic diabetes and is inherited in an
autosomal dominant fashion. The various
genes involved are HNF4A (MODY 1), GCK
(MODY 2), HNF1A (MODY 3), IPF1 (MODY 4),
HNF1B (MODY 5), NEUROD1 (MODY 6), KLF11
(MODY 7), CEL (MODY 8), PAX4 (MODY 9), INS
(MODY 10), BLK (MODY 11), ABCC8 (MODY

12) and KCNJ11 (MODY 13). Identification
of these genes is crucial not only for
genetic counseling but also for planning the
treatment and for screening other organs.
For example, MODY is easily misdiagnosed as
type 1 DM. It is important to differentiate it
from type 1 DM as those caused by defects in
HNF1A and KCNJ11 gene respond to low or
high dose sulfonylureas respectively instead
of insulin. HNF1B mutations often cause renal
cysts, and hyperechoic kidneys in the fetus is
a presentation of HNF1B sequence variations
or whole gene deletion (Vasileiou et al.,
2019). In addition to heterozygous sequence
variation in HNF1B gene, an approximate 1.3
Mb deletion at chromosome 17q12, which
includes the entire HNF1B gene is a cause of
DM with renal cysts and variable degree of
neurodevelopmental abnormalities.

2. Neonatal DM (NDM): It is the second most
common monogenic type of DM which
usually manifests in infants under 6 months
of age. Rare occurrence in infants up to
12 months of age has also been reported
(Rubio-Cabezas & Ellard, 2013). Infants with
insulin-dependent hyperglycemia, with blood
glucose persistently greater than 250 mg/dL,
lasting for more than 7-10 days without an
alternative etiology should undergo genetic
testing for neonatal DM.

NDM can be classified into transient (TNDM)
and permanent forms. Approximately 50% of
cases are transient in nature and the diabetes
resolves on its own. The most common cause
for TNDM is overexpression of the chromosome
region 6q24. Although hyperglycaemia remits in
TNDM patients by the age of 18 months, a
relapse of diabetes occurs in 50% of the patients,
usually during adolescence or early adulthood
(Mackay & Temple, 2010). On the other hand,
permanent NDM most often results from gain of
function mutations in KCNJ11 or ABCC8 gene.
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Table 2 Common genes and associated features of neonatal diabetes mellitus.

NDM Genetic cause Mode of Pathogenesis Associated Treatment
inheritance features

Overexpression of
chromosome 6q24
• Paternal UPD
• Paternal
duplication
•Maternal
hypomethylation

• Sporadic
• AD

• Sporadic

Overexpression of ZAC1
and HYMA1 on
chromosome 6 causes
delayed maturation of
the pancreatic islets and
β-cells

IUGR, Cardiac
abnormalities

Insulin

Tr
an

si
en

t

KCNJ11, ABCC8
(KCNJ11 encodes
KATP channel
subunits KIR6.2,
ABCC8 encodes
Sulfonylurea
receptor)

Sporadic /AD Mutation results in
prolonged opening of
potassium channel and
hampering of insulin
release

None Insulin
Sulfonylureas

HNF-1B * AD Reduced pancreatic β
cell mass

Pancreatic exocrine
dysfunction, renal
cysts/ hyperechoic
kidneys

Insulin

Pe
rm

an
en

t N
on

sy
nd

ro
m
ic

KCNJ11, ABCC8 Sporadic /AD Same as above Developmental
delay, epilepsy
(DEND syndrome)

Insulin
Sulfonylureas

INS AD Pancreatic β-cell
apoptosis

IUGR Insulin

GCK # AR Affects glucose
phosphorylation and
blocks ATP production;
causes reduction of
insulin secretion

IUGR Insulin

IPF1 AR Marked pancreatic
exocrine and endocrine
failure due to pancreatic
agenesis

Cerebellar
hypoplasia, cardiac
septal defects

Insulin

Sy
nd

ro
m
ic

EIF2AK3 AR Pancreatic β-cell
apoptosis

Wolcott- Rallison
syndrome

Insulin

FOXP3 X linked Pancreatic β-cell
apoptosis

IPEX syndrome Insulin

SLC2A2 AR Reduced pancreatic
β-cell function

Fanconi- Bickel
syndrome

Insulin

SLC19A2 AR Reduced pancreatic
β-cell function

TRMA syndrome Insulin
(Thiamine rarely)

MTLL1 Mitochondrial Reduced pancreatic
β-cell function

MIDD syndrome Insulin

NDM: Neonatal diabetes mellitus; UPD: Uniparental disomy; AD: Autosomal Dominant; AR: Autosomal Recessive;
ZAC-1: zinc finger, apoptosis, and cell cycle; HYMA1: ([Fe] hydrogenase subunit HymA); IUGR: Intrauterine growth
restriction; INS: Insulin; GCK: Glucokinase; IPF1: Insulin promoter factor 1; EIF2AK3: Eukaryotic translation
initiation factor; IPEX- Immuno dysregulation, polyendocrinopathy, enteropathy, X-linked; TRMA:
Thiamine-responsive megaloblastic anemia; MIDD- Maternally inherited diabetes and deafness.
*Also implicated in MODY-4, #Also implicated in MODY-2
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These can be successfully treated with high doses
of sulfonylureas unlike other NDM which require
treatment with insulin. The most common genes
and associated features involved in NDM are
described in Table 2.• Monogenic causes of insulin resistance:
They are less common than monogenic 𝛽-cell
defects. They typically present with features of
insulin resistance in the absence of obesity,
including hyperinsulinemia, acanthosis nigricans
or virilization. Diabetes only develops when
the 𝛽-cells fail to compensate for the insulin
resistance. The common genes and syndromes
associated with insulin resistance are listed in
Table 3.

Gestational Diabetes Mellitus (GDM)

Type 2 DM can remain undiagnosed and can be
recognised initially during pregnancy. It is essential
to distinguish between GDM and type 2 DM in
pregnancy as the latter is associated with a
higher incidence of fetal malformations like caudal
regression syndrome, congenital heart defects,
renal anomalies etc. Family history of GDM and
type 2 DM can act as a guide to predict risk of
GDM. Women diagnosed with GDM are also at a
significant risk for developing type 2 DM later in
life.

Identification of monogenic diabetes has very
significant relevance in pregnancy. Hyperglycemia
in pregnancy is invariably always labelled as GDM
but some of these patients may harbour mutation
in the GCK (glucokinase) gene and identification of
these women is important as the management
differs substantially. Glucose-lowering agents are
generally not required in GCK -associated MODY in
normal individuals as the hyperglycemia is usually
subclinical. Pregnancy is an exception where the
requirement of treatment for GCK-associated
MODY in pregnant woman depends on fetal
inheritance of the GCK mutation. If the fetus
inherits a maternal GCK mutation, then treatment
of maternal hyperglycemia is not indicated as
these fetuses have a similarly elevated glucose
set-point as their mother and can have normal
birth weight. On the other hand, treatment of
maternal hyperglycemia is required in those
fetuses who do not inherit GCK mutation, as they
have a higher risk of developing macrosomia.
When the fetal genotype is unknown, it can be
indirectly inferred from monitoring serial fetal

growth and an accelerated fetal growth would
indicate that the fetus is probably not carrying
the GCK mutation, warranting strict control of
maternal hyperglycemia (Rudland, 2019).

Approach to a patient with DM

The common situation for counselling in genetic
clinics pertaining to DM arises when a pregnant
diabetic mother consults to know the impact of
diabetes on her fetus. Apart from that situation,
very rarely counseling is sought for family or
personal history of DM. An exception to this
situation arises when the diagnosis of DM is made
in a young individual where family members are
anxious about recurrence in the offspring and
in the siblings of the affected child. Due to
increasing incidence of the disease, increasing list
of genes and susceptible loci and studies showing
monogenic diabetes being misdiagnosed as type 1
or 2 DM (Pihoker et al., 2013), it is important
to make an accurate and timely diagnosis for
appropriate genetic counselling regarding the
optimal therapy. Though the risk of recurrence is
negligible in majority of cases, counselling in
the rare types of autosomal recessive, X-linked
and syndromic DM is vital as parents can opt
for prenatal testing after establishing molecular
diagnosis in the index patient.• History taking: The following points are
pertinent:• The age of onset; Table 4 enumerates the

age-wise distribution of different types of DM
and a few key points to differentiate one type
from the other.• Type of intervention required and response
to those medications• Associated visual or hearing impairment• Birth history including birth weight and birth
defects• Detailed development history• Three-generation family history

While examining the patient, special attention
should be given to look for presence of
dysmorphic features, obesity, distribution of
fat, signs of hyperinsulinemia and multisystem
involvement like anemia, deafness, renal cyst
and neurocognitive abnormalities. For example,
Thiamine-responsive megaloblastic anemia (TRMA)
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Table 3 Monogenic defects causing insulin resistance.

Gene Inheritance Disease Phenotype

INSR AR Rabson-Mendenhall
syndrome

Extreme insulin resistance,
dysmorphism, severe intrauterine
retardation and early mortalityINSR AR Leprechaunism

(Donohue syndrome)
INSR AR Type A insulin resistance Milder form, manifestation after puberty

LMNA AD Familial partial
lipodystrophy

Limb lipoatrophy in adult life, hyperlipidemia
and insulin-resistant diabetes

PPARG Partial lipodystrophy, severe insulin resistance,
early onset Type 2 DM and hypertension

AGPAT2
AR Congenital generalized

lipodystrophy

Lipoatrophy, acanthosis nigricans,
hepatomegaly, acromegaloid
features, cardiomyopathy and global
development delay.BSCL2

AD- Autosomal dominant, AR- Autosomal Recessive

Table 4 Age-wise distribution of different types of diabetes mellitus (Adopted from WHO’s manual on
classification of Diabetes mellitus 2019).

Age of onset Type of DM Others
<6 months (sometimes
up to 1 year) Neonatal DM Genetic testing to distinguish transient from

permanent

6 months – 10 years Type 1 DM
Neonatal DM

Thin individuals; positive autoantibodies
confirm Type 1 DM

10-25 years
Type 1 DM
Type 2 DM
Monogenic DM

Overweight or obesity; acanthosis nigricans;
strong family history of type 2 DM;
undetectable islet autoantibodies and
elevated or normal C-peptide distinguishes
type 2 from type 1 DM.
Strong family history suggesting AD pattern;
undetectable islet autoantibodies; marked
sensitivity to sulfonylureas; presence of
extrapancrearic features like renal anomalies
suggest MODY.

25-50 years

Type 2 DM
Slowly evolving immune
mediated DM (10%)
(previously LADA)
Type 1 DM (5%)

Thin individuals; presence of autoantibodies
(especially GAD); initial response to
sulfonylureas and later requiring insulin
suggests LADA.

>50 years
Type 2 DM
Slowly evolving immune
mediated DM

DM: Diabetes mellitus; GAD: glutamic acid decarboxylase; LADA: latent autoimmune diabetes of adulthood
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is a rare disorder which may present with severe
anemia responding to thiamine. Presence of
macrocytosis and deafness may be a clue for this
disorder. Diabetes may sometimes manifest later
and may need evaluation.

After obtaining necessary information and
baseline investigations like autoantibodies profile
if available, one can ascertain the type of
DM and can decide whether to proceed with
genetic testing. Molecular testing is indicated
in monogenic forms of diabetes. This should
be followed by discussion regarding the risk
of recurrence in subsequent pregnancies and
options for prenatal testing.• Genetic counseling regarding recurrence risk:
For monogenic disorders, counseling regarding
recurrence risk in autosomal recessive and
X-linked disorders is quite straight forward
once the molecular diagnosis is established.
However, rare autosomal dominant disorders
pose significant challenge in counselling as the
genetic evidence on penetrance of these genes is
weak (Misra & Owen, 2018). Counselling for the
recurrence risks of Type 1 and type 2 DM on the
other hand is complex. Empiric risks can be used
based on the family history and the community
prevalence of the disease but these have their
own limitations.

Type 1 DM: Previous studies have reported that
younger age at diagnosis, young-onset diabetes of
parents, male gender, and an older parental age at
delivery increased the risk of type 1 DM in siblings.
Younger age at diagnosis in the index patient is
the strongest predictor of the risk of type 1
diabetes in siblings (Gillespie, 2002). Information
on autoantibody status and levels, HLA-conferred
disease susceptibility, and insulin secretion and
sensitivity are also useful in predicting the
occurrence of disease in siblings. The cumulative
risk of type 1 diabetes up to ages 10, 20, 30, 40 and
50 years in brothers and sisters of patients with
childhood-onset diabetes is 1.5 per cent, 4.1 per
cent, 5.5 per cent, 6.4 per cent, and 6.9 per cent,
respectively (Harjutsalo et al., 2005).

Type 2 DM: Study based on disease-gene
frequency model and the community-based
prevalence data suggested a sibling recurrence
ratio of 1.8–2.5 (Busfield, 2002). The life-time
risk of developing the disease in offspring of
one parent with type 2 DM is around 40%,
greater if the mother is affected, and the risk
rises to 70% if both the parents are affected
(Ridderstrale & Groop, 2009). Thus, the empirical

recurrence risks for first-degree relatives of type 2
DM are higher than those for type 1 DM. The
increased risk of recurrence highlights the need
for change in lifestyle and surveillance for early
diagnosis. In addition to genetic contribution to
DM, it has become obvious that the renal and
retinal complications of DM also have genetic
susceptibility and are currently an important
research subject (Mishra et al., 2016). Though
genetic variations are known for susceptibility to
type 1 and 2 DM and are being explored in
ongoing research works, genetic testing including
HLA studies are currently not indicated in clinical
settings.

To conclude, DM is a chronic debilitating illness
with diverse etiologies. While type 1 and type 2
DM are well known and have a multifactorial
inheritance, other monogenic forms of diabetes
are often misdiagnosed as type 1 or 2 DM or
remain underdiagnosed. Correct diagnosis with
the help of molecular testing will aid in proper
management and appropriate genetic counseling.
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Peutz-Jeghers syndrome is a familial cancer predisposition syndrome characterized by 
melanocytic macules on the lips, buccal mucosa and digits, multiple hamartomatous polyps 
mainly in the gastrointestinal tract and sometimes in the urinary tract, and an increased risk of 
malignancies (including colorectal, gastric, pancreatic, breast, and ovarian cancers). It is caused 
by heterozygous mutation in the STK11 (serine/threonine kinase) gene (*602216) on 
chromosome 19p13. It has an autosomal dominant pattern of inheritance.
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Abstract

Microdeletion and microduplication syndromes
(MMS) also known as ‘contiguous gene
syndromes’ are a group of disorders caused
by sub-microscopic chromosomal deletions or
duplications. Most of these conditions are typically
associated with developmental delay, autism,
multiple congenital anomalies, and characteristic
phenotypic features. These chromosomal
abnormalities cannot be detected by conventional
cytogenetic techniques like karyotyping and
require higher resolution ‘molecular cytogenetic’
techniques. The advent of high throughput tests
such as chromosomal microarray in the past one
or two decades has led to a continuously growing
list of microdeletions and microduplication
syndromes along with identification of the ‘critical
region’ responsible for the main phenotypic
features associated with these syndromes. This
review discusses the etiopathogenic mechanisms
of MMS, some of the common MMS and their
clinical features, the diagnostic tools available for
their evaluation, and the databases available for
analysis and interpretation.

Introduction

Microdeletion and microduplication syndromes
(MMS) are a group of disorders, each of
which has a typical pattern of manifestations
which result from a small (<5Mb) deletion or
duplication of a chromosomal segment spanning
multiple disease genes, with each of the
involved genes potentially contributing to the
phenotype independently. These copy number
variations (CNVs) are too small to be detected by
conventional cytogenetic methods like karyotyping
and hence require higher resolution cytogenetic
techniques. The exact size and location for
these may vary, but a specific “critical region”

containing dosage sensitive genes responsible for
the phenotype is generally involved (Goldenberg,
2018). Theoretically, for every microdeletion
syndrome there should be a reciprocal
microduplication syndrome, but microdeletions
are more common. Microduplications appear to
result in a milder or no clinical phenotype.

Molecular Etiopathology

Copy number variation (CNV) is defined as the gain
or loss of a stretch of DNA when compared with
the reference human genome and may range in
size from a kilobase to several megabases or even
an entire chromosome. The CNVs associated with
MMS constitute only a small fraction of the total
number of possible copy-number variants. There
are two major classes of CNVs: recurrent and
non-recurrent. Recurrent CNVs generally result
from Non-Allelic Homologous Recombination
(NAHR) during meiosis. In contrast, non-recurrent
CNVs can occur as a result of Non-Homologous
End Joining (NHEJ) or Fork Stalling and Template
Switching (FoSTeS).

1. NAHR (LCR-mediated non-allelic homologous
recombination):
LCRs are ‘low copy repeats’ of size 10 to
500 kilobase pairs (kb) and share 95%
sequence identity (Watson et al.,2014). They
are generally present in the pericentromeric
regions and serve as substrates for NAHR
(Figure 1).
LCR-directed recombination happens
between 2 homologous chromosomes, 2
sister chromatids of a single chromosome,
within a chromatid (intrachromatid
recombination) and between 2 non
homologous chromosomes (Figure 2).
NAHR mechanism favors deletions over
duplications because deletions can result
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a   b    c 
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Figure 1 LCR-mediated non-allelic homologous recombination. The two large segmental duplications
(depicted by blue arrows) with high sequence similarity flanking the region containing genes a,
b, and c are LCRs (low copy repeats). During meiosis the homologous pair misalign due to the
LCRs, resulting in abnormal cross over. This results in two reciprocal products: one
chromosome carrying a duplication of the intervening region and therefore an additional copy
of genes a, b, and c, and a second chromosome carrying a deletion of this same region.
(adapted from Watson et al., 2014).

Dele�on Duplica�on

a) INTERCHROMOSOME b) INTRACHROMOSOME 

(Interchromatid) 

Isochromosome

c) INTRACHROMATID d) SISTER CHROMATID

     EXCHANGE

Dele�on

Duplica�on

Dele�on

Figure 2 LCR-directed chromosomal recombination: a) between 2 homologous chromosomes;
b) between 2 sister chromatids of a single chromosome; c) within a chromatid (intrachromatid
recombination); and d) between 2 non homologous chromosomes
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Figure 3 The molecular mechanism of non-homologous end joining (NHEJ). NHEJ involves binding of the
KU heterodimer to double-stranded DNA ends, recruitment of DNA-PKcs (DNA-dependent
protein kinase catalytic subunit), processing of ends, and recruitment of the DNA ligase IV
(LIG4)-XRCC4 complex, which brings about ligation.

from crossovers both in cis and in
trans whereas duplications can result from
crossovers only in trans.

2. NHEJ (non-homologous end joining):

Unstable AT-rich palindromic sequences
seen in the genome, are susceptible to
double-stranded breaks. These breakpoints
are repaired by a process referred to as
non-homologous end jointing.

Broken ends of DNA are recognized by
loading of the Ku70/Ku80 heterodimer which
acts as a scaffold for recruitment of kinase
and two subunit DNA ligase together with
some accessory factors. This complex holds
a pair of DNA ends together, forming
a paired-end complex. The paired-end
complex then ligates compatible DNA ends
together, thus repairing the break (Watson et
al.,2014; Harel & Lupski,2018).

NHEJ repairs double-stranded breaks at all
stages of the cell cycle, bringing about the
ligation of two DNA strands without the need
for sequence homology, but is error-prone.

In the process of joining the two sequences
by NHEJ, the intervening fragment may get
deleted, or an additional base may be
incorporated at the junction (Figure 3).

3. FoSTeS (Fork Stalling and Template
Switching) (Harel & Lupski, 2018)

This happens due to undue lagging/stalling
of the replication strand. This strand
may move discontinuously within its own
replication fork. It may disengage from
the template strand and invade other
replication forks as well. Using short
regions of homology, it reinitiates replication
elsewhere: within the same chromosome,
the homologous chromosome, or a
nonhomologous chromosome in proximity.

Depending on whether the same or a
different chromosome has been invaded, the
location of the strand, and whether the
invasion is upstream or downstream relative
to the original replication fork, the genetic
material is deleted, inverted, or duplicated
(Figure 4).
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Figure 4 Molecular mechanism for FoSTeS (Fork Stalling and Template Switching) (Adapted from:
Tatevossian R. Molecular genetic analysis of paediatric low-grade astrocytoma. 2017; available
at https://www.researchgate.net/)

Clinical Features

There are more than 120 clinically characterised
microdeletion syndromes. With the advent of
newer molecular diagnostic techniques for
detecting copy number variations, new syndromes
are being identified and reported regularly
(Nevado et al., 2014; Zhang et al., 2016; Panigrahi
et al.,2018). The phenotype of microduplication
syndromes is often less clear and less well
defined than for the corresponding microdeletion
syndrome. In addition, some microduplication
syndromes may be inherited from apparently
normal parents raising important issues regarding
incomplete penetrance and ascertainment bias in
these newly described clinical entities. Some of
the well characterised microdeletion syndromes
and microduplication syndromes along with their
clinical features are listed in Tables 1 and 2.
However, it is important to remember that there
might be variability in the phenotype of these
conditions, depending on the size and extent of
the CNV and the genes involved within the deleted
or duplicated region.

Diagnostic Evaluation

Thorough clinical evaluation including a detailed
history, family history with three-generation
pedigree, dysmorphology evaluation and systemic
examination, along with the relevant ancillary
imaging studies and laboratory investigations
are essential prerequisites for the diagnostic
evaluation.

If a specific MMS is suspected clinically,
targeted genetic evaluation for the same can
be done through testing methods which use
locus-specific probes such as the fluorescence in
situ hybridisation (FISH) technique or the more
cost-effective multiplex ligation-dependent probe
amplification (MLPA) technique.

If, however, a definite syndrome is not
identifiable clinically, a broad-spectrum test such
as chromosomal microarray (CMA), which can
detect CNVs throughout the genome, is preferred.
In fact, genome-wide copy number variation
assessment through CMA is recommended as
the first-tier approach for evaluation of any
patient presenting with unexplained global
development delay, intellectual disability, multiple
malformations and/or autism spectrum disorder,
by the American College of Medical Genetics and
Genomics (ACMG) (Riggs et al., 2020). CMA is also
recommended in the prenatal setting when fetal
structural anomalies (not fitting into the pattern of
any specific identifiable monogenic condition) are
diagnosed by prenatal ultrasound or following
stillbirth, and also when either parent is a carrier
of a balanced chromosomal rearrangement.
Whole genome sequencing (WGS), even with low
coverage (‘low pass’ with average 5X coverage),
is emerging as a better modality for detection
of CNVs, as it can detect the chromosomal
breakpoints down to the single nucleotide level
(Dong et al., 2016; Uguen et al., 2020). However,
the main challenge with these high throughput
tests is the interpretation of all the genomic data.

To aid in the interpretation of such large
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Table 1 List of some of the well-characterized microdeletion syndromes.

Chromosomal region
deleted

Critical genes
contributing to
the phenotype,
involved in the
deleted region

Salient clinical features of the associated syndrome

1p36 MMP23B, GABRD,
SKI, PRDM16

CHROMOSOME 1p36 DELETION SYNDROME: Moderate-to-severe
intellectual disability; craniofacial dysmorphism including
microcephaly, deep set eyes, straight eyebrows, large anterior
fontanel, pointed chin, mid-face hypoplasia, ear anomalies, and
orofacial clefting; hypotonia; congenital heart disease; renal
anomalies; ophthalmologic abnormalities; skeletal anomalies;
hearing loss; feeding difficulties; seizures; and brain abnormalities.

1q21.1 (most often
~200-kb deletion at
chromosome band
1q21.1) in trans with a
heterozygous RBM8A
hypomorphic allele)

RBM8A THROMBOCYTOPENIA ABSENT RADIUS (TAR) SYNDROME:
Hypo-megakaryocytic thrombocytopenia that disappears with
age; bilateral absent radii with presence of thumbs; other
skeletal abnormalities; cardiac anomalies; genitourinary
anomalies; and non-immunoglobulin E (IgE)-mediated cow’s milk
allergy with gastrointestinal symptoms.

4p16.3 WHSCR1 (Nkx2-5,
H3K36me3
specific HMT),
WHSCR2

WOLF-HIRSCHHORN SYNDROME (Figure 5A): Pre- and postnatal
growth restriction; microcephaly; distinctive facial features with a
"Greek warrior helmet" appearance; preauricular tags & pits;
cleft lip/ palate; congenital heart disease (atrial septal defect,
ventricular septal defect, or pulmonic stenosis); intellectual
disability; and immunodeficiency.

5p15 (the deletion may
be gross or
submicroscopic ranging
from 0.5 Mb to up to 40
Mb in size)

TERT CRI-DU-CHAT SYNDROME (Figure 5B): Craniofacial dysmorphism
including microcephaly, round face, hypertelorism, micrognathia,
epicanthal folds and low-set ears; hypotonia; severe psychomotor
retardation and intellectual disability; and a characteristic
high-pitched cat-like cry (especially in the newborn period).

5q35 (large deletions/
duplications including
the whole NSD1 gene
found in around 15-50%
of patients with Sotos
syndrome; sequence
variants within the gene
account for the rest of
the cases)

NSD1 SOTOS SYNDROME (Figure 5C): Overgrowth; macrocephaly;
hypotonia; global development delay and intellectual disability;
facial dysmorphism with a prominent forehead and a long chin;
premature teeth eruption; scoliosis; large hands and feet;
advanced bone age; cardiac anomalies including patent ductus
arteriosus and atrial septal defect; and renal anomalies including
hypoplastic kidneys and hydronephrosis.

7q11.23 ELN, GFT21, NCF1,
UMK1, CL1P2

WILLIAMS - BEUREN SYNDROME (Figure 5D): Low birth weight;
feeding problems; hypotonia; cardiovascular system abnormality
especially supravalvular aortic stenosis (75%), peripheral
pulmonary stenosis, elastin arteriopathy, hypertension and mitral
valve prolapse; distinctive facial dysmorphism (formerly referred
to as ‘elfin facies’) with periorbital fullness, thick lips, short nose
with broad nasal tip, and large ear lobes; short stature;
hoarseness of voice; overfriendliness; renal and urinary tract
anomalies; hypercalcemia and/ or hypercalciuria with
nephrocalcinosis; and mild to severe intellectual disability with
difficulty in visuospatial tasks.
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8q24.1 TRPS1, EXT1,
RAD21

TRICHORHINOPHALANGEAL SYNDROME II/ LANGER-GIEDION
SYNDROME (Figure 5E): Distinctive facial features including a large
nose with a broad ridge and tip and underdeveloped alae, long
philtrum, and large prominent ears; intellectual disability,
ectodermal abnormalities of the skin, hair, teeth, sweat
glands, and nails; skeletal abnormalities including short stature,
brachydactyly, radial or ulnar deviation of fingers, coxa vara, cone
shaped epiphysis, secondary joint degeneration, joint space
narrowing, and subchondral sclerosis; and multiple exostoses/
osteochondromas.

11p13 PAX6, WT1 WILMS TUMOUR-ANIRIDIA- GENITOURINARY ANOMALIES- MENTAL
RETARDATION (WAGR) SYNDROME: Aniridia and other associated
eye anomalies such as iris hypoplasia, congenital cataract, and
glaucoma; Wilms tumour by the age of 4 years in up to 90% of
affected children; genital abnormalities including hypospadias,
bicornuate uterus and streak ovaries; intellectual disability;
behavioural abnormalities; hypotonia; epilepsy; corpus callosal
agenesis; and obesity.

11q24.1 ETS1, FLI1, JAM3,
KCNJ1, ADAMTS15

JACOBSEN SYNDROME (Figure 5F): Thrombocytopenia; cardiac
defects; recurrent infections; craniofacial dysmorphism including
microcephaly, trigonocephaly, low-set ears, epicanthal folds,
hypertelorism, abnormal eyebrows and eyelashes, short nose
with upturned tip, large carp-shaped mouth and micrognathia;
ocular abnormalities such as eyelid/iris/ chorioretinal coloboma,
strabismus, microcornea, microphthalmia; structural renal
defects; intellectual disability; gastrointestinal anomalies;
brachydactyly and fifth digit clinodactyly; failure to thrive

15q11.2-q13
Maternal copy deletion
(Around 70% of patients
with Angelman
syndrome have this
deletion)

UBE3A ANGELMAN SYNDROME: Intellectual disability; severe speech
impairment; ataxic gait; tremors of limbs; inappropriate happy
demeanour like frequent laughing smiling and excitability;
seizures; and microcephaly.

15q11-q13
Paternal copy deletion
(Around 70-75% of
patients with
Prader-Willi syndrome
have this deletion)

SNRPN, MAGEL2,
OCA2, MKRN3

PRADER-WILLI SYNDROME (Figure 5G): Infantile hypotonia; feeding
problems; failure to thrive in infancy followed by excessive weight
gain /obesity; hyperphagia; mild facial dysmorphism including
almond-shaped and up-slanting eyes; hypogonadism with small
penis and cryptorchidism and pubertal delay; developmental
/intellectual delay; sleep apnoea; short stature; hypopigmentation;
and small hands.

16p13.3 (Around 50-60%
of Rubinstein-Taybi
syndrome are
associated with the
CREBBP gene, of which
around 20% are due to
large deletions involving
one or more exons or
the whole gene).

CREBBP RUBINSTEIN-TAYBI SYNDROME (Figure 5H): Prenatal and postnatal
growth restriction; microcephaly; dysmorphic facies including
high-arched eyebrows, overhanging columella, down-slanting
palpebral fissures and a grimacing smile; broad thumbs and
halluces; intellectual disability; congenital heart disease; and eye
abnormalities including glaucoma, cataracts, and strabismus.
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17p13.3 PAFAH1B1,
YWHAE, CRK

MILLER-DIEKER SYNDROME: Lissencephaly; growth restriction and
failure to thrive; facial dysmorphic features including a prominent
forehead, bitemporal hollowing, short nose with upturned nares,
protuberant upper lip, thin vermilion border, and small jaw; severe
psychomotor retardation; opisthotonos; and seizures.

17p11.2 RAI1, PMP22 SMITH-MAGENIS SYNDROME (Figure 5I): Feeding problems and
hypotonia in infancy; craniofacial dysmorphism with
brachycephaly, mid-face retrusion, deep-set eyes, broad and
square-shaped face, broad nose, relative prognathism and
downturned upper lip; developmental delay; intellectual
disability; sleep abnormalities; EEG abnormalities; and stereotypic
and self-injurious behaviour.

20p12 (Around 10% of
Alagille syndrome
patients have a large
deletion encompassing
multiple exons of JAG1
or the whole JAG1 gene;
the rest have either
sequence variants in the
JAG1 gene (around 88%)
or in the NOTCH2 gene
(around 2-3%)

JAG1 ALAGILLE SYNDROME (Figure 5J): Paucity of intrahepatic bile ducts
with chronic cholestasis; cardiac anomalies; butterfly
vertebrae; posterior embryotoxon of the eye; and dysmorphic
facies including triangular facies, broad forehead, deep-set eyes,
large ears and a long nose with a bulbous tip.

22q13.3 SHANK3 PHELAN-MCDERMID SYNDROME: Neonatal hypotonia; global
developmental delay; moderate to profound intellectual disability;
facial dysmorphism; large fleshy hands; dysplastic toenails;
decreased perspiration/pain; behavioural anomalies such as
mouthing or chewing non-food items; and autism.

22q11.2 TBX1, COMT,
PIK4CA, DGCR6,
DGCR8

DIGEORGE SYNDROME (Figure 5K): Congenital heart disease
particularly conotruncal malformations (tetralogy of Fallot,
interrupted aortic arch, ventricular septal defect, and truncus
arteriosus); palatal abnormalities including velopharyngeal
incompetence, submucosal cleft palate, bifid uvula, and cleft
palate; craniofacial dysmorphism including hooded eyelids, ear
anomalies, prominent nasal bridge, bulbous nose,
micrognathia, asymmetric crying facies and craniosynostosis;
learning difficulties; immune deficiency with variable T cell
deficiency and recurrent infections; autoimmune disorders such as
idiopathic thrombocytopenic purpura; hypocalcemia and
parathyroid abnormalities; and thymic hypoplasia.

Xp22.3 KAL1, STS, ARSE,
VCX

CONTIGUOUS Xp22 DELETION SYNDROME: developmental delay;
autistic features; Kallmann syndrome with anosmia and
hypogonadotropic hypogonadism; X-linked ichthyosis; ocular
albinism; brachytelephalangic chondrodysplasia punctata and
short stature; and epilepsy in some patients
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Figure 5 Clinical photographs of patients with some of the common microdeletion and microduplication
syndromes. The typical dysmorphic features listed in Tables 1 and 2 are seen in these patients.
A. Wolf-Hirschhorn syndrome (chromosome 4p16.3 deletion) - ‘Greek warrior helmet’
appearance B. Cri-du-chat syndrome (chromosome 5p deletion) - round facies and epicanthal
folds C. Sotos syndrome – macrocephaly, large forehead and prominent chin. D. Williams-
Beuren syndrome (chromosome 7q11.23 deletion) - periorbital fullness, short nose, broad
nasal tip, malar flattening, long philtrum, and wide mouth. E. Trichorhinophalangeal syndrome
II (chromosome 8q24.1 deletion) - large nose with a broad ridge and tip, and sparse eyebrows.
F. Jacobsen syndrome - microcephaly, ocular hypertelorism, epicanthal folds, strabismus,
depressed nasal bridge, low set ears, and short neck G. 17 years-old boy with Prader-Willi
syndrome (chromosome 15q11-q13 deletion) - short stature, obesity and delayed secondary
sexual development. H. Child with Rubinstein-Taybi syndrome (i) facial dysmorphism
including downslanting palpebral fissures, ‘grimace-like’ smile, and overhanging columella. (ii)
broad and radially deviated thumbs (this clinical photograph courtesy Professor Shubha
Phadke, Department of Medical Genetics, SGPGIMS, Lucknow) I. Smith-Magenis syndrome
(chromosome 17p11.2 deletion) - mid-face retrusion, deep-set eyes, broad nose, relative
prognathism and downturned upper lip J. Alagille syndrome - triangular facies, broad
forehead, deep-set eyes with icterus, and a long nose with a bulbous tip. K. DiGeorge
syndrome (chromosome 22q11.2 - a prominent nasal bridge, bulbous nose, micrognathia and
(inset) cleft palate. L. Beckwith-Wiedemann syndrome – mildly coarse facies with macroglossia
M. Potocki-Lupski syndrome - ocular hypertelorism, smooth philtrum, micrognathia, and a
wide mouth.
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Table 2 List of some of the well-characterized microduplication syndromes.

Chromosomal
region

duplicated

Critical genes
contributing to the

phenotype, involved
in the duplicated

region

Salient clinical features of the associated syndrome

1q21.1 HYDIN Macrocephaly; mild intellectual disabilities; attention
deficit- hyperactivity disorder. Incomplete penetrance and
variable expressivity are seen.

3q29 PAK3, DPG2 Microcephaly; low-set, simple ears; downturned corners of
the mouth; long, bushy eyebrows; long eyelashes; high
nasal bridge; eye abnormalities (microphthalmia, cataracts,
iris colobomas); mild to moderate intellectual disability,
cleft palate; and renal and cardiac anomalies.

5q35 NSD1
(Sotos critical region)

Microcephaly; global developmental delay; short stature;
growth retardation; delayed bone age; and seizures in
some patients.

7q11.23 Williams-Beuren
critical region

Hypotonia; developmental delay and autism spectrum
disorders; dysmorphic features are mild and without a
clear characteristic pattern; brain abnormalities and
seizures reported in some patients.

11p15.5
Paternal copy
duplication

IGF2 BECKWITH-WIEDEMANN SYNDROME (Figure 5L):
Macrosomia; macroglossia; omphalocele; prominent
eyes; ear creases; large kidneys; hyperplasia of
pancreas; and hemihypertrophy.

15q11-13 UBE3A
(Angelman/Prader-Willi
critical region)

Hypotonia; global developmental delay; autism spectrum
disorder; ataxia; and seizures.

15q13.3 No definite genes
implicated

Neuropsychiatric disorders

15q24 No definite genes
implicated

Mild intellectual disability; facial dysmorphism including
receding anterior hairline, broad medial eyebrows,
hypertelorism, epicanthal folds, downslanting palpebral
fissures, broad nasal base and high nasal bridge, and full
lower lip; joint laxity and in some cases contractures; and
hypospadias and other genital anomalies in males.

16p13.3 CREBBP
(Rubinstein-Taybi
critical region)

Normal growth; mild to moderate developmental delay;
small and proximally implanted thumbs; long fingers, and
mild arthrogryposis with camptodactyly; facial dysmorphic
features include deep-set eyes, narrow palpebral fissures,
wide nasal bridge, long philtrum, and thin upper lip;
cardiac defects (atrial septal defect, tetralogy of Fallot),
submucous cleft palate anomalies, and eye anomalies
(strabismus, blepharophimosis, and ptosis). Incomplete
penetrance is reported.

16p13.1 No definite genes
implicated

Behavioral abnormalities; cognitive impairment; autism;
congenital heart defects; and skeletal manifestations such
as hypermobility, craniosynostosis, and polydactyly.
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16p11.2 No definite genes
implicated

Variable clinical presentations ranging from normal in most
cases to developmental delay; autistic spectrum disorders;
behavioural issues; and thoracolumbar syringomyelia.

17p13.3 Miller-Dieker critical
region

Developmental delay; central nervous system anomalies;
and autism spectrum disorder.

17p11.2 PMP22 CHARCOT-MARIE-TOOTH DISEASE TYPE 1A –
demyelinating hereditary motor-sensory neuropathy
(HMSN) resulting in progressive distal neuromuscular
weakness with pain, weakness, deformity, and
paresthesias, foot drop, pes cavus, and distal muscle
wasting.
(Deletion of this gene is associated with hereditary
neuropathy with liability to pressure palsy)

17p11.2 RAI1
(Smith-Magenis critical
region)

POTOCKI-LUPSKI SYNDROME (Figure 5M): Neurobehavioral
abnormalities and autism; facial dysmorphism may be
mild/ non-specific and includes micrognathia,
hypertelorism, downslanting eyes, and large mouth.

17q21.3 MAPT, CRHR1 Variable clinical features that range from normal cognition
to severe intellectual disability, hypotonia, and joint laxity.

22q11.2 TBX1 Mild to severe intellectual disability (deficits of memory
performance, perceptual organization, and verbal
comprehension, attention deficit and hyperactivity, and
speech impairment); growth restriction; velopharyngeal
incompetence; heart defects; palatal abnormalities; visual
and hearing impairment; seizures; microcephaly; ptosis;
and urogenital abnormalities. Intra and interfamilial
variability present.

22q13 SHANK3 Infantile hypotonia; mild to moderate developmental
delay; microcephaly; autism spectrum disorder; growth
deficiency; and mild dysmorphic facial features.

Xq28 MECP2 MECP2 DUPLICATION SYNDROME: Neurodevelopmental
disorder with hypotonia; severe intellectual disability and
developmental delay; recurrent respiratory infections;
seizures; progressive spasticity with involuntary spasms;
and feeding difficulty, hypotonia and failure to thrive in the
neonatal period.

genomic data, interactive web-based databases
that contain information about apparently
normal controls and diseased individuals
are available. Examples of these databases
include the Database of Genomic Variants
(DGV; http://dgv.tcag.ca/dgv/), a ‘population
database’ which contains information on 980,000
CNVs and over 4,000 inversions that are
not disease-causing and identified in the
normal population. Absence of the CNV in a
population database like DGV is an indicator
that it may be pathogenic. This has to be
confirmed by checking databases like DECIPHER

(DatabasE of Chromosomal Imbalance and
Phenotype in Humans using Ensembl Resources;
https://decipher.sanger.ac.uk/) and ISCA
(International Standards for Cytogenomics Array
Consortium; http://www.iscaconsortium.
org/consortium-data/), which list the known
pathogenic CNVs, with the corresponding reported
phenotypes. It is also important to search
published literature for previously reported
information about the CNVs. The standards for
interpretation, analysis and reporting of CNVs in
the clinical setting have been outlined by ACMG
and the Clinical Genome Resource (ClinGen) (Riggs
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Table 3 Genetic testing methods for diagnostic evaluation of microdeletion and microduplication
syndromes.

Description CMA FISH MLPA WGS
Technique A combination of

multiple
oligonucleotide
arrays and SNPs
spanning the entire
genome is used.
The test DNA is
made to hybridise
onto these probes
fixed on a
microarray chip and
the signals emitted
based on the
relative
hybridization are
read and analysed.
Can be used to
detect CNVs more
than 10-100 kb in
size, across the
genome (Figure 6A).

A fluorescently-
labelled probe
(approximately 50
to 200 kilobase in
size)
complementary to a
specific genome
region is used for
each FISH reaction.
The probe
hybridizes to the
corresponding
genomic region on
the slide and the
emitted
fluorescence
produces ‘signals’
which are detected
through
fluorescence
microscopy. A
single probe or a
combination of a
few probes can be
used at a time.

The probe set
contains around
40-50 pairs of
probes. Each pair of
probes of unique
length hybridise to
a specific sequence
of DNA, following
which ligation and
amplification is
done. The amplified
products are
separated through
capillary
electrophoresis
based on their size
and the relative
peak size is
measured, to detect
the CNV (Figure 6B).

The entire genome
is sequenced
through the
massively parallel
next generation
sequencing
technology and
computational
analysis of the data
is done. Both SNVs
and CNVs can be
detected with this
method.

Preferred for Genome-wide
detection of any
CNV; particularly
useful for
unexplained
intellectual
disability and
multiple
malformation
syndromes, when
no specific
diagnosis is
identified clinically.

Confirmation of a
specific
microdeletion or
microduplication
syndrome detected
clinically

Detection of
common
microdeletion or
microduplication
syndrome which is
clinically suspected;
MLPA probe sets
for common
microdeletions,
subtelomeric
regions etc. are
available
commercially, with
which a group of
well characterised
CNVs can be
evaluated together.

Non-specific
genome wide
analysis of both
SNVs and CNVs
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Advantages • Comprehensive
genome-wide
analysis of CNVs• SNP arrays can
detect
uniparental
disomy• Can be
automated

• Balanced
chromosomal
aberration in a
parent (leading
to unbalanced
situations in the
index patient),
low-level
mosaicism and
complex
rearrangements
in a patient can
also be detected• Analysis of
interphase
nuclei in
addition to
metaphase
spreads

• A single reaction
allows
simultaneous
hybridization of
multiple probes
designed to
include multiple
microdeletion
and
microduplication
syndromes• Simple and
quick test,
doesn’t involve
complex analysis

• Both CNVs and
SNVs detected
simultaneously• Can identify the
breakpoints
accurately down
to the last
nucleotide• Can detect even
balanced
chromosomal
rearrangements• Can be
automated

Disadvantages • Cannot detect
low-level
mosaicism and
complex
rearrangement• Likelihood of
detecting CNVs
of unknown
significance,
which are
difficult to
interpret

• Targeted testing
which requires
prior clinical
identification• Duplications are
harder to verify

• Targeted testing
which requires
prior clinical
identification• Cannot detect
low-level
mosaicism• Covers only
limited number
of loci

• Generates a
large amount of
data which
requires a great
deal of expertise
to analyse.• Detects a huge
number of
variants of
uncertain
significance
which can be
difficult to
interpret.

Cost Less expensive than
WGS, more
expensive than FISH
and MLPA.
However, cost is
declining.

Less expensive than
CMA and WGS if
locus specific
probes are
available.

Relatively cheap Very expensive;
costs are declining

Turnaround
time

2-3 weeks; involves
interpretation of
data that is time
consuming

Reported within
24-72 hours

Within 24-48 hours 6-8 weeks; data
analysis is
time-consuming.

CMA – Chromosomal microarray
FISH – Fluorescence in situ hybridization
MLPA – Multiplex ligation-dependent probe amplification
WGS – Whole genome sequencing
SNP – Single nucleotide polymorphism
CNV – Copy number variation
SNV – Single nucleotide variant
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A B 

Figure 6 A. Chromosomal microarray of a child with intellectual 
disability, seizure disorder and facial dysmorphism 
showing pathogenic CNV (duplication) in chromosome 
5q. B. Multiplex ligation-dependent probe amplification 
(MLPA) of a child with DiGeorge syndrome showing 
heterozygous deletion of the chromosome 22q11.2 
region (height of the peaks, indicated by the red arrows, 
for the probes within this region is approximately half 
of the normal size) 

et al., 2020).
The molecular techniques available for

detecting MMS along with their advantages and
limitations, are listed in Table 3.

Genetic Counseling

In order to provide accurate genetic counseling,
the diagnosis of a definite MMS has
to be confirmed through one of the
above-mentioned testing methods. If a CNV
other than the ones associated with known
microdeletion-microduplication syndromes is
detected, its pathogenicity has to be ascertained
as outlined above. Based on the diagnosis,
counselling is provided regarding symptomatic
and supportive care as well as surveillance for
anticipated complications. In view of multisystem
involvement, multidisciplinary management is
usually required. Most of the microdeletion and
microduplication syndromes follow an autosomal
dominant pattern of inheritance. If the parents
of an affected child are clinically normal, the
chromosomal aberration would have arisen de
novo in the proband, in majority of the cases.
However, because of the possibility of low-level
or germline mosaicism for the pathogenic
chromosomal CNV in one of the asymptomatic
parents, there might be an up to 1% risk of
recurrence in their subsequent offspring. Less
commonly, the CNV in the proband may result
from a balanced chromosomal rearrangement in a
parent, in which case the risk of recurrence in

subsequent offspring of the couple could be as
high as 30 - 50%, depending on the nature
of the rearrangement (Ranganath et al., 2011).
Parental origin is more likely if the proband
is found to have two CNVs (especially one
microdeletion and one microduplication) involving
two different segments of the same or different
chromosomes; in such a scenario, it is very
important to do karyotyping of both parents to
look for a chromosomal rearrangement such as an
inversion or a translocation. Reduced penetrance
and variable expressivity for some of the CNVs
further complicate the counseling process, making
it difficult to predict the phenotype in the sibling or
offspring of an individual with such a CNV.

Conclusion

Microdeletion and microduplication syndromes
are frequently associated with intellectual
disability, multiple congenital anomalies, autistic
spectrum disorders and other phenotypic
abnormalities. Recent advances in molecular
cytogenetic testing techniques have led to the
discovery of several new microdeletion and
microduplication syndromes. Some of these
syndromes are identifiable based on consistent,
clinically recognizable features; however, for
many of them clinical diagnosis may be
difficult due to variability in expression and/or
non-specificity of the phenotype. For some CNVs,
variable expressivity and reduced penetrance
have complicated the establishment of their
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clinical significance. Currently, the ‘genotype-first’
approach is used to first delineate the region of
deletion or duplication prior to matching the
clinical presentation, leading to a growing list
of these syndromes. In addition to existing
techniques of FISH, MLPA and CMA, WGS
is emerging as an important technique for
diagnosing MMS.
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Hunting down huntingtin to cure
Huntington Disease (Tabrizi et al., 2019)

Huntingtin (HTT)-lowering approaches with various
genetic engineering techniques like genome
editing, transcript targeting and protein targeting
are current areas of research providing hope for a
cure for Huntington disease (HD). A phase III
clinical drug trial by Tabrizi et al. based on
an allele-unspecific second-generation, chemically
modified synthetic oligomer complementary
to a 20-nucleotide portion of HTT mRNA
(IONIS-HTTRx/RG6042) has shown very promising
results. In the nucleus, hybridization of RG6042
with HTT pre-mRNA and mRNA leads to
endogenous RNase H1-mediated degradation,
which prevents further translation to HTT protein.
The study showed that with four intrathecal
injections of 120 mg HTTRx via lumbar puncture
every 4 weeks, a significant reduction of mutant
HTT protein in the cerebrospinal (CSF) fluid of
about 40% at the two highest doses of 90 mg (p <
0.01) and 120 mg (p < 0.01) could be achieved.
This effect was persistent during the subsequent
2-month follow-up period. Apart from headache
due to lumbar puncture, no serious adverse
events were reported.

Anti-sickling therapy for sickle cell
disease (Vichinsky et al., 2019)

Deoxygenated HbS polymerization and
subsequent dehydration causing sickling is the
main molecular pathology behind sickle cell
disease (SCD). Voxelotor (GBT-440) is a HbS
polymerization inhibitor that stabilises the
oxygenated Hb state by reversible covalent
binding to Hb. In a phase III clinical trial
(HOPE) by Vichinsky et al., voxelotor significantly

increased haemoglobin levels and reduced
markers of hemolysis. In this multicentric study,
274 adolescent and adult SCD patients (most
of them with the HbSS or HbS-𝛽0thalassemia
genotype), were randomly assigned in an equal
ratio, to receive a once-daily oral dose of 1500 mg
of voxelotor, 900 mg of voxelotor, or placebo. A
significantly higher percentage of participants had
a haemoglobin response in the 1500 mg voxelotor
group than in the placebo group (P<0.001)
regardless of concurrent hydroxyurea use or
severity of anemia at the baseline. The absolute
mean Hb change from baseline to 24 weeks was
1.1g/dl, 0.6g/dl and 0.1g/dl in the groups receiving
1500 mg voxelotor, 900 mg voxelotor and placebo,
respectively. At week 24, the 1500mg voxelotor
group had significantly greater reductions from
baseline in the indirect bilirubin level and
percentage of reticulocytes than the placebo
group. The incidence of vaso-occlusive crisis was
same in all the three groups. Thus, voxelotor
was shown to provide significant and sustained
increase in the haemoglobin level in persons with
sickle cell disease and was granted accelerated
approval by the United States Food and Drug
Administration (U.S. FDA) for children (aged ≥12
years) and adults with SCD in November 2019.

Triple combination CFTR modulator
therapy for cystic fibrosis–two heads
are better than one, but three are better
than two (Heijerman et al., 2019)

Heijerman et al. conducted a phase III clinical
trial to determine whether addition of a third
next generation CFTR corrector, oral elexacaftor
(VX-445) to the previously used dual combination
of tezafactor plus ivacaftor in patients with
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the homozygous F508del mutation significantly
improved the outcome as compared to dual
combination. In this multicentric trial in patients
with cystic fibrosis homozygous for the F508del
mutation, in which all participants had a
4-week pre-treatment period with tezacaftor plus
ivacaftor, treatment with the triple combination
regimen of elexacaftor plus tezacaftor plus
ivacaftor resulted in substantial improvements
in lung function, sweat chloride concentration,
respiratory-related quality of life, and nutritional
parameters compared with tezacaftor plus
ivacaftor alone. The triple combination therapy
was well tolerated, with a safety profile
comparable to that in the group receiving
tezacaftor plus ivacaftor alone.

Iron chelation therapy for PKAN –
curing the eye of the tiger
(Klopstock et al., 2019)

Pantothenate kinase-associated neurodegenera-
tion (PKAN), is an NBIA (neurodegeneration with
brain iron accumulation) disorder, which is
characterized by progressive generalised dystonia
and brain iron accumulation. Klopstock et al.
conducted a randomized controlled trial (RCT) on
the use of membrane-permeable iron chelator
oral deferiprone (30 mg/kg/day) in 88 patients with
PKAN. The study has shown that there is excellent
safety and tolerability of deferiprone in PKAN
over 36 months, and there is strong evidence
that deferiprone leads to a marked reduction in

brain iron. Disease progression seemed to slow
down in patients who switched from placebo to
deferiprone in the extension trial. Importantly,
the reduction in brain iron load induced by
deferiprone was not accompanied by systemic
iron depletion. The only significant hematological
adverse effect seen was anemia, which was easily
manageable with iron supplements. Although
the clinical endpoints were not met for the
intention-to-treat population in this RCT, this trial
provides the first indication of a decrease
in disease progression in patients with NBIA
especially PKAN.
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The COVID19 pandemic has led to an
unprecedented situation world-wide. Not only has
it put people under lock-down, all businesses have
come to a grinding halt leading to significant
economic losses. It has claimed more than 400,000
lives and has infected as many as 7 million people
worldwide.

It has now been almost 2.5 months since
our country has been under lock down. With
clinics and hospitals closing down due to the
viral outbreak, doctors had to stay home. Initial
few days of the unexpected break from work
seemed to be pleasant. But being used to gruelling
work hours, it soon started to get uncomfortable.
As doctors we are used to getting adjusted to
situations, and thus many of us started getting
used to this new routine and began doing things
which had been long pending. Many pursued
their hobbies during their free time- music,
drawing/ painting, cooking etc. Some finished their
academic activities which had taken a back seat
otherwise.

Patients and their care-givers too had a
gruelling time during this lockdown. Most of our
patients with rare genetic disorders have special
needs. It could be special diets/ supplements for
our patients with inborn errors of metabolism
(IEMs), therapies/ special training for children with
autism and intellectual disability, physiotherapy
for our patients with neuromuscular issues etc.
When the lock down was announced, many of the
parents panicked as they did not know how their
children, and they themselves, would be able to
cope up with the situation.

Care-givers of our IEM babies panicked as
they feared running out of supplies of special
diets and medications. This fear did come true.
IEM medications being in the non-essential/
supplement category quickly went off the shelf at
many places. Some medications that were ordered
through online portals too became unavailable.

One of our patients with intracellular cobalamin
synthesis defect ran out of hydroxocobalamin
injections, and her symptoms started to flare up.
Then we got in touch with a pharmacy chain who
could find about 5 vials in their stock from all over
India. They were kind enough to have these
shipped to Mumbai and further on to Solapur for
our single patient. These are rare examples of
compassion during such stressful situations.

Many of our IEM patients had a low stock of the
special medical foods (SMFs). We did advise them
to use these sparingly and consider stricter dietary
measures instead. But still some of our patients
did run out of the food stock. For two such
patients we had to arrange the delivery of SMFs up
to Mumbai by air through the cargo flights and
then had them sent to Kolhapur and Solapur
though milk vans which were running under the
essential services category. Thus, travelling by air
and road, these SMFs could reach our patients in a
timely manner.

Parents of our IEM children were also worried if
their child would decompensate during this period
or worse, would catch the infection. We told them
to identify any primary care physician close to their
locality and assured them that we will discuss any
issues with the doctor through teleconsultation.
Fortunately, only 2 of our IEM babies had minor
decompensations which were taken care of locally.

Autistic children whose therapies had stopped,
started showing more symptoms of distress-they
lost toilet training, had an increase in hyperactivity,
loss of speech and regression of skills, etc. Parents
too got extremely distressed because along-side
their office work they had to take care of the
children the whole day as their schools and day
care facilities had shut down. Such parents had to
be counselled on phone and it was suggested
to keep the child busy in a specific routine
throughout the day.

I know of a hostel for intellectually challenged
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girls, which is more like their home, where they
spent the day in a specific routine doing many
skill-based activities. Because of the fear of
COVID19, these girls had to be sent back home
and only the orphaned ones could be kept in the
institute. This led to significant distress among
these girls and their parents as they were so used
to the set routine of this special girls’ hostel. We
have become irritated by the lockdown as we are
not being able to go anywhere or do anything of
our choice. But spare a thought for these young
special ones whose routine itself keeps them
going, and a halt to their activities can lead to a
bad flare up of behavioural issues.

With no signs of the pandemic abating at the
moment, there is fear among the patients and
relatives. They do not want to visit the hospitals/
clinics personally for the risk of contracting the
infection. This is the time when e-consultations
have perhaps become both a necessity and a
measure of safety both for patients and health
care professionals. Initially there was difficulty in
accepting this, as I feared that the examination
and counselling would lose its personal touch
and a rapport may not be established with the
patient and relatives. But I soon found out that
this apprehension was unwarranted and that it
was possible to consider an equally effective
history taking, dysmorphology evaluation, basic
examinations and counselling session over video

calls. So, this mode of consultation may have to be
considered as a new norm and the COVID19
pandemic has taught us this.

Similarly, the concept of webinars has heralded
a new era of e-learning, where we get to hear and
interact with the many stalwarts in the field
without actually having to travel anywhere. This is
a great opportunity especially for our trainees and
postgraduate students.

Spending so much time with family and
especially my little one was unthinkable if this
lockdown would not have holed us up in our
homes. It was enjoyable to sit with her in her
e-learning classes as well and do various activities
with her.

While we are busy making a career, and striving
to achieve a work-life balance, we forget to pursue
our passions and hobbies. Nature photography
was one of my unfulfilled hobbies that had taken a
back seat all this while. I did get time to pursue this
to some extent, though only balcony photography
was possible. All things may have come to a stand-
still, but nature is still the same and will continue
to be so. It is we who perhaps need to change our
outlook.

This COVID19 pandemic lockdown has taught
us so many important lessons and given us varied
experiences both as individuals and health care
professionals!

PhotoQuiz - 49
Contributed by:  Dr Shubha R Phadke

Correspondence to: Dr Shubha R Phadke.  Email:  shubhraophadke@gmail.com

This 30 years-old man presented with recurrent epistaxis and hemoptysis. 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.

Department of Medical Genetics, Sanjay Gandhi Postgraduate Institute of Medical Sciences, Lucknow

Answer to PhotoQuiz 48 and correct responses are mentioned on page no. 12.
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