Genetic
CLINICS
Oﬃcial Publication of Society for Indian
Academy of Medical Genetics

Editor

Volume 10 | Issue 2 | April ‐ June 2017

Shubha R Phadke

ISSN : 2454-8774

Associate Editor
Prajnya Ranganath
Table of Contents

Assistant Editors
Ashwin Dalal
Girisha KM

01

GeNeDit

Genetic Counselors:
Plan for the Best Utilization of
the New Armamentarium

Office Bearers of SIAMG
Clinical Vignette

Patron

03

Nail Patella Syndrome:
A Case Report and Review of
Literature

Verma IC

President

GeNeViSTA

Shubha R Phadke

05

Exome Data Analysis for
Clinicians: How & Why

Secretary
Ashwin Dalal

GeNeViSTA

Treasurer

11

Fetal Dysmorphology:
An Indispensable Tool for
Synthesis of Perinatal Diagnosis

Girisha KM

Executive Committee
Madhulika Kabra
Ratna Dua Puri
Neerja Gupta
Patil SJ
Sankar VH
Kausik Mandal

GeNeXprESS

20
18

'Myth' Unmethylated: Novel
Therapies for Methylation-Related
Neurodevelopmental Disorders

PhotoQuiz

Prajnya Ranganath

21
18

PhotoQuiz 36

Parag Tamhankar
Meenal Agarwal

Address for correspondence

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

GeNeEvent - ISIEM 2017: Fourth National Conference of the
Indian Society of Inborn Errors of Metabolism

The IV National Conference of the Indian Society of Inborn Errors of Metabolism, hosted by
Mediscan and the ISIEM, was held on 10th - 12th
February 2017 at Chennai. The ﬁrst day was ded-

icated for parallel diet and laboratory workshops.
Members from FSSAI and Infant and Young Child
Nutrition Council of India (IYNCI) participated in the
diet workshop and ways and means of providing
special formulae for children with IEM were discussed. The laboratory workshop highlighted the
principles of various biochemical tests, samples
needed, test process, interpretation and cautions
to be followed. The conference based on the main
concept of Protocol based Approach had several
sessions highlighting the practical approaches to
common metabolic problems. The Sandor Oration
was delivered by Dr Priya Kishnani on her experiences in developing treatment for Pompe Disease.
This conference served as a unique meeting point
for dieticians, metabolic specialists, geneticists, pediatricians, FSSAI and parents and this served as a
wholesome educative experience for all.

GeNeEvent - Manipal Genetics Update on Genetic Counseling

The ﬁrst national level meeting of genetic counselors, clinicians and geneticists was held in Manipal
during 3rd – 4th March 2017. About 100 delegates and resource persons attended the event. The
meeting focused on principles of genetic counseling, training programs in India and abroad and the scope
and future prospects for the genetic counseling profession across the globe. Professor Shubha Phadke,
Professor Heather Skirton, Dr Beverley Yashar, Ms Lori Dean and Dr Smita Rao were among the resource
persons.

Announcement
Sixteenth ICMR Course in Medical Genetics
& Genetic Counseling - Pedigree to Genome
Dates: 24th July 2017 - 5th August 2017
Contact: Dr Shubha Phadke, Professor & Head, Department of Medical Genetics,
Sanjay Gandhi Postgraduate Institute of Medical Sciences, Lucknow, India - 226 014
Phone: 91 522 2494334, 2494342
Useful for clinicians from all branches of medicine and medical students
Necessary for clinicians at any stage of their careers
For details, see: http://www.sgpgi.ac.in/conf.html
Email: sgpgigenetics@gmail.com

GeNeDit
Genetic Counselors: Plan for the Best Utilization of the New
Armamentarium
Editorial

Genetic counseling is an integral and very
important part of the management of genetic disorders, as lack of curative treatment and possibility
of recurrence in the family are the realities for
many genetic disorders even in the twenty-ﬁrst
century. Genetic counseling is a demanding and
challenging scientiﬁc and communication skill and
successful genetic counseling helps the family or
the consultand in understanding the disease, the
possibilities of recurrence, and ways to take reproductive decisions in addition to understanding
the available treatment and possible outcomes.
The process of getting educated about the disease
makes the concerned person and family get control
over the situation and helps them to adjust and
cope up with the situation in a better way. Genetic
counseling services thus are an integral component of medical genetics units and patient care
can be enhanced by specialist genetic counselors.
Training programs for genetic counselors are well
established in the western world and the demand
for such programs is rapidly increasing. India has
also been seeing developments in this direction
and recently, an update on Genetic Counseling
was held in Manipal. Genetic counseling program
directors from USA shared their experience and
provided insights into their programs which are
running for more than two decades.
Genetic counselors are trained in genetic aspects of the disorders and communication skills.
With this background and better availability of
time, they can reinforce the genetic information
for better understanding of the patients and their
families and provide the required continued support to them while they are adjusting to the genetic
problem and in decision making. They can also
help in organization and implementation of investigations and ancillary management services oﬀered
/ advised by the clinical geneticist or physician.
The main strength of genetic counselors is the
knowledge of genetic aspects of diseases on the
background of communication skills and availabil-
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ity of adequate time which may be constraints
for the clinician. The Medical Genetics specialty
has taken roots in India and awareness about
the specialty amongst clinicians and lay persons is
rapidly increasing and the same is true regarding
the availability of genetic investigations. Hence,
the need for genetic counselors is being felt by the
medical community and a few training programs in
genetic counseling have started in the country. It is
now time to think in what ways the genetic counselors should work in the environment of medical
genetics and medicine, so that beneﬁts of the latest
exciting developments in medical genetics reach
the patients in India.
The role of genetic counselors can be seen in
two settings. The ﬁrst is as a resource person
for the antenatal screening programs for trisomy
21, thalassemia, neural tube defects and newborn
screening programs for treatable disorders. These
are routine services that every obstetric centre
should provide and appropriate pre-test and posttest counseling is essential for the success of these
screening programs. These tests if oﬀered without
pre-test counseling will not be done at the appropriate time and quite often result in undue anxiety
and misinterpretation by the family. The concept of
population-based background risks, of screening
tests, of the probability associated with the results,
and the need for conducting the test in the appropriate time frame, together with the knowledge of
invasive conﬁrmatory tests are the pre-requisites
for the success of any population-based program.
As these tests are to be oﬀered to all, there is a
real and great need for genetic counselors in each
obstetric set up to run population-based screening
programs. Though the doctors would want to, they
may not be able to give enough time to convey all
the information. The genetic counselors can be
the resource persons for such population-based
screening programs and manage the program in
addition to providing pre-test and post-test counseling in individual or group sessions.
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The other role of the genetic counselors is
in Medical Genetics departments where patients
with common and rare genetic disorders are seen.
After the clinical geneticist or a specialist clinician
like a neurologist or a haematologist makes a
diagnosis of a genetic disorder, the process of
genetic counseling starts. In this situation, the
genetic counselors sit in the session for counseling
with the medical geneticists or the clinician and
then continue with the family by providing reinforcement of the information, answering queries
and walk the consultand through the process of
acceptance, reproductive decisions and organizing
prenatal diagnostic tests. Here also, the ability of
the genetic counselor to give time and communicate is the strength of the process. As many
clinical specialists like neurologists, ophthalmologists, dermatologists, oncologists, cardiologists and
practically all medical specialists see loads of patients with genetic disorders, the hospitals catering
to these specialists will need genetic counselors
who closely work with the clinician and provide
genetic counseling. Genetic counselors may get
specialized in a subspecialty under the supervision
of the clinical specialist. Such specialised genetic
counselors can also be resource persons for patient support groups and take up the responsibility
of advocacy-related activities. In Medical Genetics departments or specialised hospitals, genetic
counselors are also involved in counseling for research participation and informed consent taking,
counseling about the utility and challenges of techniques like next generation sequencing (NGS). In
the present era when NGS-based testing is becoming the ﬁrst tier test, genetic counselors have the
additional responsibility of interpreting and communicating the results of NGS in collaboration with

the NGS laboratory and clinician who usually are
not comfortable with the uncertainties of results
which are common with NGS.
Increasing availability and access to genetic
investigations and prenatal diagnostic facilities
makes the need of genetic counselors felt strongly
and the training programs need to come on a uniform platform and their role as a complementary
and integral part of medical genetics services in
hospital set ups needs to be clearly deﬁned. It
needs to be emphasized that medicine is a very
complex and wide faculty and genetic disorders
are extremely heterogeneous and numerous. The
knowledge of genetic disorders is very rapidly
increasing. This poses great challenges to the practice of the rapidly evolving ﬁeld of medical genetics.
The diagnostic challenges of rare genetic disorders
are enormous. Intricacies of the underlying bases
of genetic disorders and complexities of the rapidly
advancing vast genetics knowledge are beyond the
scope of short term training programs of genetic
counselors from non-medical background, but
their expertise in the genetic aspects of genetic disorders can be judiciously used in clinical / hospital
settings for the beneﬁt of the patients and families
with common genetic disorders. At the same time,
it is essential to incorporate more genetics training
in medical curricula and train practicing clinicians
in clinically applicable modern genetics. Genetic
counselling is a patient-centric activity and needs
to function under the supervision of clinicians who
need to get ready for the era of genomic medicine!

Dr. Shubha R Phadke
1st April, 2017

Announcement
Manipal Genetics Update V:
Genetics of Neurodevelopmental Disorders
This meeting aims to bring together clinicians, scientists, researchers and other
health professionals, providing an opportunity for exchange of ideas and
perspectives on various genetic neurodevelopmental disorders. The current
standards for best practices in diagnosis, treatment, research, support services and
prevention of these disorders will also be discussed.
9th - 10th February, 2018
Venue: Kasturba Medical College, Manipal University, Manipal
Contact: genetics.clinic@manipal.edu
For more details: www.manipalgeneticsupdate.com
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Clinical Vignette
Nail Patella Syndrome: A Case Report and Review of
Literature
Vishal Gupta 1 , Vinod Kumar 1 , Smrithi Salian 1 , Hitesh Shah 2 and Girisha KM 1 *
1

Department of Medical Genetics, Kasturba Medical College, Manipal, India
2

Department of Orthopedics, Kasturba Medical College, Manipal, India
Email: girish.katta@manipal.edu

Abstract
Nail patella syndrome is a rare autosomal dominant
disorder characteriﬃed by nail dysplasia, absent or
hypoplastic patella, abnormality of the elbows and
presence of iliac horns. Here, we report a case of
a one-and-half-year-old girl with nail patella syndrome. Mutation analysis of the patient revealed
a known de novo pathogenic variant, c.668G>A
(p.R223Q) in exon 4 of the LMX1B gene.

complications. She had ﬁrst presented at 19 days
of age, with a left club foot deformity and bilateral
dislocation of knee-caps. On examination she had
prominent forehead, depressed nasal bridge, and
dystrophic nails with longitudinal ridges (Fig 1 A-C).
Ultrasound examination of both knees showed
small patellae with bilateral dislocation. Radiologic
examination of both hips showed bilateral iliac
horns (Fig 1 D-G). Rest of the systemic examination
was normal.

Introduction
Nail patella syndrome (NPS) (OMIM 161200) is characteriﬃed by absent or hypoplastic, split or ridged
and discolored nails, small and irregular or absent
or dislocated patellae, elbow deformity that limits
the movements of pronation or supination and the
presence of bilateral iliac horns. Additional features like nephropathy and glaucoma are observed
within the disease spectrum. The prevalence of this
condition is about 1 in 50,000 individuals. Haploinsu ciency of LMX1B (OMIM 602575) due to the
presence of pathogenic variants is known to cause
this condition. LMX1B encodes an LIM homeobox
transcription factor 1 beta, which is a member of
LIM-homeodomain family. This transcription factor
is essential for the dorsoventral patterning of the
limbs, normal development of the kidney, eyes
and dopaminergic and serotonergic neurons. In
this article, we report a patient with NPS due to a
known variant in LMX1B.

Case report
The patient was a one-and- half-year-old girl. She
was the only child born to a non-consanguineous
couple at term with no antenatal or neonatal
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Figure 1 Clinical photographs of the patient showing skin dimpling due to the hypoplastic patella
and cast application after tenotomy for congenital
talipes equinovarus deformity of the left foot (A),
and hypoplastic nails in the ﬁngers (B) and toes (C).
Radiographs showing bilateral iliac horns (D) and
anteroposterior (E) and lateral view of knee joints
(F and G). Electropherogram of exon 4 of LMX1B
in the patient (H) showing the variant c.668G>A
(indicated by black arrow) and electropherograms
of the mother (I) and father (J) showing absence of
this variant (indicating de novo occurrence of the
variant).
At two months of age, Achilles tenotomy was
done in view of left congenital talipes equinovarus (CTEV). Diagnosis of nail patella syndrome
was made on clinical and radiological grounds.
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Follow-up at 8 months of age showed normal developmental milestones and her length was 66cm
(normal). Her renal function tests and ophthalmologic evaluations were within normal limits. The
study has the approval of institutional ethics committee and written informed consent was taken
from the patient. We performed Sanger sequencing of LMX1B which revealed a known pathogenic
variant c.668G>A (p.R223Q) in exon 4. Sequence
analysis of parents did not reveal this variant suggesting the de novo occurrence of the mutation (Fig
1 H-J).

Discussion
Clinically, the classical presentation of NPS involves
changes in nails, knees, elbows and presence of
iliac horns. However, the severity of the disease
varies extremely within individuals of the same
family also. Many families may remain undiagnosed because of the mild phenotype. As multiple
systems are involved in NPS, there may be a
predominance of disease in one system whereas
others may be minimally aﬀected. The spectrum
of orthopedic a ictions includes swan necking
of index ﬁnger, patellar abnormalities (dysplasia,
small patellae), tight hamstring muscles and congenital talipes equinovarus (CTEV). Pinette et al.,
reported a case of prenatal diagnosis of NPS by
identifying skeletal dysplastic changes (absence of
left patella and severe malrotation of left foot) in
an anomaly scan establishing the importance of a
targeted anomaly scan in a icted families. Renal
impairment complicates 40% cases of NPS. Primary
open angle glaucoma and ocular hypertension are
common ophthalmologic ﬁndings. Hence, annual
screening for nephropathy (blood pressure monitoring, urinalysis and urine albumin/ creatinine
ratio) and for glaucoma form part of NPS patient
care. In the present study, the patient had three
of the classic tetrad of features typical of NPS.
However, there were no signs of elbow deformity, nephropathy, and glaucoma which have been
reported as consistent features of this condition
and she would require annual surveillance for the
same.
More than 400 cases with NPS have been reported so far all over the world and more than
140 pathogenic variants have been identiﬁed in
patients with NPS. Diﬀerent types of mutations including missense, nonsense, frameshift, and splice
site mutation, as well as partial and whole gene mutations have been identiﬁed in LMX1B. In majority
of the cases (88%) the variants are inherited from
Genetic Clinics 2017 | April - June | Vol 10 | Issue 2

a parent in an autosomal dominant manner and
in some cases (12%) the mutation arises de novo.
LMX1B regulates expression of genes encoding alpha 3 and alpha 4 chains of collagen IV, interstitial
type III collagen, podocin and CD2AP that form
slit pore membrane connecting podocytes. The
pathogenic variant identiﬁed in this study is found
in the mutation hotspot of LMX1B which spans exons 2-6. Missense mutations are found to be most
commonly present at the mutation hotspot. Therefore, the diagnostic strategy would be to analyﬃe
the mutation hotspot. If no pathogenic variants
are found, then deletion/duplication analysis is
considered.
Identiﬁcation of LMX1B pathogenic variants supports the role of this gene in the causation of NPS
and reinforces the importance of molecular genetic
testing as part of prenatal counseling for families
with aﬀected individuals.
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Exome Data Analysis for Clinicians: How & Why
Aneek Das Bhowmik and Ashwin Dalal
Diagnostics Division, Centre for DNA Fingerprinting and Diagnostics, Hyderabad
Email: adalal@cdfd.org.in

Introduction
Exome sequencing is a next generation sequencing
(NGS) technology where only the coding regions of
the genome (known as exome) are sequenced. The
technology involves two major steps: capturing
the exonic region of DNA that encodes proteins,
constituting about 1% of the human genome (≈30
Mbps) and then sequencing these regions using
high throughput massively parallel DNA sequencing technology. The idea is to identify the genetic
variants that alter protein sequences at a much
lower cost than whole genome sequencing (WGS).
Exome sequencing is especially eﬀective in
studying rare Mendelian disorders and/or single
gene disorders (Bamshad et al., 2011). Single gene
disorders are rare by themselves but collectively
they are an important cause of morbidity and mortality. The identi cation of causal genetic variants
for these disorders has important value in prenatal
diagnosis and genetic counseling of aﬀected families. These disorders are mostly caused by very rare
genetic variants that are present in a small number
of individuals, occurring sporadically or exhibiting
phenotypic heterogeneity (Ng et al., 2009; Ng et al.,
2010). Novel gene identi cation for rare diseases
is diﬃcult using classical methods like cytogenetic mapping, linkage analysis and homozygosity
mapping. Diﬀerent NGS strategies have made it
possible to quickly identify the cause for single
gene disorders using a few aﬀected individuals,
which can be used for identi cation of novel genes
on a research basis and identi cation of mutations
in known genes for single gene disorders in clinical
practice. However, these sequencing strategies
produce a large amount of data which needs to be
interpreted using computational methods. Since
most of the severe disease causing variants in single gene disorders are clustered within the exons
or the protein coding regions of human genome
(≈85%), sequencing just the exome signi cantly
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decreases the amount of sequencing to be done
and the data to be interpreted, which in turn
reduces the cost when compared to WGS and yet
is eﬀective in most of the single gene disorders for
diagnosis and new gene discovery.

Exome sequencing data analysis
With availability of NGS technologies, the main
challenge is in computational analysis to identify
the causative variant and to diﬀerentiate between
disease-causing variants and polymorphisms. A
large quantity of data and sequence information is
generated which requires a signi cant amount of
data analysis. Various sequence technologies also
have diﬀerent error rates and generate various
read-lengths which can pose challenges in comparing results from diﬀerent sequencing platforms.
Whole exome sequencing (WES) data analysis can
be divided in these following major steps:
• Base-calling and image analysis - output as
raw reads (FASTA/FASTﬁ les)
• ﬁuality checking of FASTA/FASTﬁ
data pre-processing

les and

• Mapping and alignment with reference
genome - output as SAM/BAM les
• Data processing and variant calling - output
as VCF les
• Variant annotation - output as list of variant
le usually in text or excel format
The rst step is mostly done within the laboratories of the sequence service provider or contract
research organizations (CﬂOs). The trend of rapidly
decreasing cost of exome sequencing has made
it possible to quickly outsource the samples to
diﬀerent CﬂOs for sequencing. Outsourcing can
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save valuable resources by assuring that time and
money are not dissipated on unnecessary or failed
work and wasted samples as the wet-lab (library
preparation to sequencing) part of NGS needs
speci c expertise in molecular biology. After sequencing and performing the basic bioinformatic
analysis of the sequences mentioned above, CﬂOs
will generally hand over the results or nal outputs
to the host clinics/laboratories. As per the request

or at higher cost they will also share the raw
les and metadata of sequencing. However, the
challenge remains in correctly analyzing the data
to identify the responsible disease-causing variants
correlating with the clinical features of the patient.
Hence it is always good and rather cost-eﬀective
to have at least some basic knowledge about the
steps of exome data analysis and interpreting the
test results correctly.

Table 1 Basic le formats of exome sequencing.
File formats
and
terminology

Brief description

FASTA

The FASTA format, generally indicated with the suﬃx .fa or .fasta, is a straightforward, human readable format. Normally, each le consists of a set of sequences,
where each sequence is represented by a one line header, starting with the >
character, followed by the corresponding nucleotide sequence.

FASTﬁ

FASTﬁ is a text le format (human readable) that consists raw sequence reads
and its corresponding quality information. It normally provides 4 lines of data per
sequence: sequence identi er, the raw sequence, comments (optional), and quality
values for the sequence. FASTﬁ format is commonly used to store sequencing
reads, in particular from Illumina and Ion Torrent platforms. Paired-end reads may
be stored either in one FASTﬁ le (alternating) or in two diﬀerent FASTﬁ les.

SAM

SAM stands for Sequence Alignment MAP format. It is a tab delimited text format
which stores the mapped or aligned (with reference human genome) sequences. It
contains an optional header (typically starts with @) followed by alignment section
which contains 12 columns with essential alignment information such as reference
sequence name, mapping position, mapping quality, aligner speci c information
etc. and the aligned sequence reads.

BAM

BAM stands for Binary Alignment MAP format in which aligned sequences stored in
a compressed, indexed and binary form. It provides the binary versions of most
of the same data stored in SAM le and is designed to compress reasonably well.
Hence the size of the BAM le becomes much less than the SAM le (easy to store).

VCF

The Variant Calling Format or VCF speci es the format of a text le where all the
variant information of the sequences are stored in a compressed manner. VCF
le starts with a header section which contains metadata describing the body of
the le (denoted as starting with ##) followed by 9 tab-separated speci c columns
containing information about the variant position in the genome and other columns
with genotype information on samples for each position.

BED

BED stands for Browser Extensible Display format. This format is used for describing genes and other features of DNA sequences. For exome sequencing, usually the
genomic regions covered by diﬀerent commercially available exome capture kits is
provided in bed les. These les are freely available in the company websites (e.g.
https://earray.chem.agilent.com/suredesign/). Upon request CﬂOs also
provide the bed les. These bed les are useful to restrict the exome data analysis
only into the speci c regions covered in exome sequencing, if provided in variant
calling steps.

Genetic Clinics 2017 | April - June | Vol 10 | Issue 2
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Table 2 Diﬀerent widely used freely available analytical tools (popular) to perform exome data analysis.
Purpose

Softwares/Programs

Data
quality
checking
and
trimming

FastﬁC (raw fastq &
BAM les)
Trimmomatic
NGSrich (BAM les
only)
BWA
Novoalign

Sequence
alignment
(mapping)

http://bio-bwa.sourceforge.net/bwa.shtml
http://www.novocraft.com/products/novoalign/
http://bowtie-bio.sourceforge.net/bowtie2/index.
shtml

mrsFAST

http://sfu-compbio.github.io/mrsfast/

Sequence
visualization

IGV

SAMtools

GATK

Variant
Annotation

https://sourceforge.net/projects/ngsrich/files/

Bowtie2

Picardtools

VCF & BED
le
processing
(optional)

http://www.usadellab.org/cms/?page=trimmomatic

http://www.well.ox.ac.uk/stampy

Data
processing

Variant
calling
(CNV)

http://www.bioinformatics.babraham.ac.uk/
projects/fastqc/

Stampy

NextGenMap

Variant
calling
(SNV/Indel)

Source

http://cibiv.github.io/NextGenMap/
https://broadinstitute.github.io/picard/
http://samtools.sourceforge.net/
http://software.broadinstitute.org/software/igv/
https://software.broadinstitute.org/gatk/

SAMtools

http://samtools.sourceforge.net/

Platypus

http://www.well.ox.ac.uk/platypus

Freebayes
SNVer

https://github.com/ekg/freebayes
http://snver.sourceforge.net/

VarScan 2

http://varscan.sourceforge.net/

Conifer

http://conifer.sourceforge.net/

ExomeCNV

https://secure.genome.ucla.edu/index.php/
ExomeCNV_User_Guide

CNVnator

https://github.com/abyzovlab/CNVnator

BCFtools

https://samtools.github.io/bcftools/bcftools.
html

VCFtools

http://vcftools.sourceforge.net/

BEDtools

http://bedtools.readthedocs.io/en/latest/

Annovar

http://annovar.openbioinformatics.org/en/latest/

wANNOVAﬂ

http://wannovar.wglab.org/

SeattleSeq
Annotation
AnnTools

http://snp.gs.washington.edu/
SeattleSeqAnnotation138/

NGS-SNP
SnpEﬀ
VAﬂIANT
VEP

http://anntools.sourceforge.net/
http://stothard.afns.ualberta.ca/downloads/
NGS-SNP/
http://snpeff.sourceforge.net/
http://variant.bioinfo.cipf.es/
http://asia.ensembl.org/info/docs/tools/vep/
index.html
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Exome data analysis for clinicians
(Advanced)
As mentioned above, the rst step of exome data
analysis is mostly done within the laboratories of
the sequence service providers, and only the latter
four steps are usually performed after getting the
raw data (usually in the form of FASTA/FASTﬁ le).
Diﬀerent le formats generated in NGS analysis
are given in Table 1.
Sophisticated high end work stations (computer) and informatics tools are required to perform exome data analysis along with technical
skills such as management and storage of huge
amount of NGS data and databases. Moreover,
the development of a streamlined and automated
guidelines/pipelines for data analysis is very important for generating, annotating and analyzing
sequence variants (D Antonio et al., 2013). There
are several bioinformatics work ows, personalized
to particular NGS applications depending on the
type of variation of interest and the technology employed. One universally recommended and widely
used such work ow for variant discovery analysis
is GATK (Genome Analysis Toolkit) best practices
guidelines, developed by Broad Institute, USA (DePristo et al., 2011; Van der Auwera et al., 2013).
However, these guidelines are focused largely on
data from human whole-genome or whole-exome
samples sequenced with Illumina technology, so
working with diﬀerent types of NGS platforms or
experimental designs, requires adaptation to certain branches of the work ow, as well as certain
parameter selections and values. Further details
of these guidelines are available in the following link (https://software.broadinstitute.
org/gatk/best-practices/). A list of diﬀerent
majorly used freely available analytical tools for
diﬀerent steps of exome data analysis is given in
Table 2 (Pabinger et al., 2014). A general exome
analysis work ow from raw reads (FASTA/FASTﬁ)
to annotated list of variants (text/excel), is given in
Figure 1.

Exome data analysis for clinicians
(Basics)
A typical annotated list of variant le looks like
the sample le shown in Figure 2 (usually provided
by the CﬂOs as the nal output le). The main
challenge of analyzing these variants in human
diseases is to identify disease-related alleles (which
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may be known or novel) in a large number of
non-pathogenic polymorphisms in the genome.
Identi cation of disease-causing variants in rare
Mendelian disorders through exome sequencing
relies on diﬀerent ltering steps to reduce the
number of candidate genes. Initial ltering is usually done using diﬀerent public databases like The
International HapMap Consortium, 1000 Genomes
Project, Exome Variant Server (EVS), Exome Aggregation Consortium (ExAC), Complete Genomics 69
(CG69), dbSNP etc. and in-house population speci c databases (if available). Any variant present in
these databases with minor allele frequency (MAF)
greater than 0.01 can be excluded from further
consideration for rare diseases. Only missense,
nonsense, splice-site variants, and indels that are
found to aﬀect coding regions are used for clinical interpretation. Clinically relevant mutations
are then annotated using published variants in
literature and a set of variant databases including ClinVar, OMIM and Human Gene Mutation
Database. Then on the basis of the mode of inheritance, for example, a recessive/dominant model,
the list of candidate variants can be reduced further. An example of diﬀerent ltering steps is given
in Figure 3 (Das Bhowmik et al., 2015).
CﬂOs will also generally provide a BAM (Binary
Alignment Map) le (comes along with an index
le as .bai) which is the comprehensive mapped
raw data of exomes for sequence viewing in a
high performance visualization tool like Integrative
Genomics Viewer (IGV) and a VCF (Variant Call
Format) le which contains exome sequence variations. This VCF le can be used for annotating the
variants using various online variant annotation
tools like wANNOVAﬂ, SeattleSeq etc.

Utility of exome data analysis: Example
case study
A six year old male child born to nonconsanguineous parents, was diagnosed with an
unexplained overgrowth syndrome. Clinical features were suggestive of Beckwith–Wiedemann
syndrome (BWS). The patient was investigated
extensively for BWS including karyotype, array
comparative genomic hybridization, methylation
analysis at IC1 locus and Sanger sequencing of
CDKN1C gene. Since all the results were normal the
patient was taken up for WES.
The sequences obtained after WES were analyzed following GATK best practices guidelines
(D Antonio et al., 2013; DePristo et al., 2011). Vari-
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Figure 1 A basic exome analysis work ow using diﬀerent freely available analytical tools.

Figure 2 A representative snapshot of a list of variant le in excel format.
ant annotation was performed using Annovar for
location and predicted function (Wang et al., 2010).
Gross ltering was done using 1000 Genomes
(≤0.01 MAF), EVS (≤0.01 MAF), ExAC (≤0.01 MAF)
and dbSNP databases. Clinically relevant mutations were annotated using published variants in
literature and a set of variant databases including
ClinVar, OMIM and HGMD. Only non-synonymous,
splice site, nonsense and frameshift variants found
in the coding regions were used for clinical interpretation. Silent variations that do not result in any
change in amino acid in the coding region were
excluded.
Exome sequencing resulted in a total number
of 26,612 variants. Figure 3 illustrates the ltering
strategy used, resulting in a total of 896 exonic non-
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synonymous, splice-site and frameshift variants of
which 34 variants were homozygous/hemizygous.
Since none of the heterozygous variants were
related to the phenotype of the patient, only homozygous/hemizygous variants were considered
for further analysis. Among these, 9 variants
were present in our in-house exome database and
excluded from the study. After this, 25 variants
were left among which 24 variants were reported
in dbSNP with no clinical signi cance and hence excluded from the study. Finally only one variant was
left, which was also relevant to clinical indication,
an unreported hemizygous single base pair deletion in exon 8 of GPC3 gene (chrX:132670203delA)
in the patient. Mutations in GPC3 are known to
cause Simpson-Golabi-Behmel syndrome. Further
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Filtering criteria

Number of
variants

Total number of variants
Variants after ltering for 1000 Genomes (≤0.01)

26,612
3026

Variants after ltering for Exome Variant Sewer (≤50.01)
Variants after ltering for Exome Aggregation Consortium (≤50.01)
Variants remaining after ltering for intergenic, intronic and synonymous variants
(retained exonic nonsynonymous, splice-site variants and indels causing frameshift)
Homozygous and hemizygous variants
Variants remaining after excluding Indian polymorphisms from in house data

2692
1760
896
34
25

Figure 3 An example of variant ltering strategy followed in whole exome (adapted from Das Bhowmik
et al., 2015).

in silico analysis revealed that this mutation results
in a frameshift and is likely to create a new stop
codon at 62 amino acids downstream to codon 564
(c.1692delT; p.Leu565SerfsTer63) of the protein.
Thus, WES helped in this case to establish the
diagnosis in a patient with unexplained overgrowth
syndrome as Simpson-Golabi-Behmel syndrome.

Conclusion
With the trend of gradually decreasing cost of
exome sequencing, the technology has become
imperative in the molecular diagnosis of rare
Mendelian disorders. In this era of NGS, it is
important for everyone related to this eld to have
at least some basic knowledge of exome analysis to
correctly interpret the results which will ultimately
help to carry out the appropriate pretest and posttest counseling of the patients. Also, it is always
good to stay in tune with the continuous ow of
updates of exome analysis since the technology is
still evolving and so also the analytical methods.
It is believed that because of our poor understanding of non-coding genetic variation, the analytical components of most of the whole genome
studies have inconsistently depended on variation
within the exome. However, if the cost of sequencing continues to fall at this pace, it is possible
that the eld will gradually move from whole
exome to whole genome sequencing. However,
taking advantage of the more compact data of
exome for disease gene discovery and molecular
diagnostics in patients crucially depends on the
development of analytical strategies for our understanding of non-coding variation. This is as much
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an opportunity as it is a challenge.

References
1. Bamshad MJ, et al. Exome sequencing as a tool
for Mendelian disease gene discovery. Nat ﬂev
Genet 2011; 12: 745-755.
2. Ng SB, et al. Targeted capture and massively parallel sequencing of 12 human exomes. Nature
2009; 461: 272-276.
3. Ng SB, et al. Exome sequencing identi es the
cause of a mendelian disorder. Nat Genet 2010;
42: 30-35.
4. D Antonio M, et al. WEP: a high-performance
analysis pipeline for whole-exome data. BMC
Bioinformatics. 2013; 14 Suppl 7: S11.
5. DePristo M, et al. A framework for variation
discovery and genotyping using next-generation
DNA sequencing data. Nat Genet 2011; 43:
491-498.
6. Van der Auwera GA, et al. From Fastﬁ data to
high con dence variant calls: the Genome Analysis Toolkit best practices pipeline. Curr Protoc
Bioinformatics 2013; 43: 11.10.1-33.
7. Pabinger S, et al. A survey of tools for variant
analysis of next-generation genome sequencing
data. Brief Bioinform 2014; 15: 256-278.
8. Das Bhowmik A, et al. Whole exome sequencing
identi es a novel frameshift mutation in GPC3
gene in a patient with overgrowth syndrome.
Gene 2015; 572: 303-306.
9. Wang K, et al. ANNOVAﬂ: functional annotation of genetic variants from high-throughput
sequencing data. Nucleic Acids ﬂes. 2010; 38:
e164.

10

GeNeViSTA
Fetal Dysmorphology: An Indispensable Tool for Synthesis of
Perinatal Diagnosis
Shagun Aggarwal
Department of Medical Genetics, Nizam’s Institute of Medical Sciences, Hyderabad &
Centre for DNA Fingerprinting and Diagnostics, Hyderabad
Email: shagun.genetics@gmail.com

Introduction
Dysmorphology is the science (and art!) of studying
abnormal form, with special emphasis on subtle
ndings which provide clue to an underlying diagnosis, mostly a genetic syndrome. It has been the
prime tool of the geneticist enabling a syndromic
diagnosis on basis of patient’s gestalt with ndings
like a white forelock, heterochromia iridis, broad
thumb, asymmetric crying facies and many other
subtle features acting as decisive tools in the genetics clinic. Most individuals with dysmorphism
are aﬀected with genetic syndromes, which can
be due to chromosomal abnormalities, copy number variations or single gene defects. However,
various environmental factors can also lead to
dysmorphism, many times mimicking speci c genetic syndromes due to involvement of a common
biological pathway. A dysmorphological evaluation
typically involves a head to toe examination looking for malformations, and minor features showing
deviation from the expected norm as per sex,
age, family background and ethnicity. This often
forms the rst and most crucial step in establishing
a genetic diagnosis and is subsequently followed
by relevant genetic testing for con rmation. In
the era of next generation sequencing when the
rate of gene discovery has surpassed the clinical recognition of a new genetic syndrome and
reverse phenotyping has become commonplace,
dysmorphology still remains an important tool in
the hands of an experienced geneticist.
Although as a discipline dysmorphology evolved
in the paediatrics setting, it can be extended to
the fetal life to enable the diagnosis of a genetic
syndrome in the fetus. The recognition of a genetic
syndrome in particular, has important implications
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for pregnancy management as it aids in accurate
prognostication and communicating the possibility
of intellectual disability and other co-morbidities in
such children, helps in decision-making regarding
termination or continuation of pregnancy, facilitates appropriate postnatal management and also
provides recurrence risk estimates for subsequent
conceptions. In the postnatal scenario, such a diagnosis facilitates emotional closure, recurrence risk
counseling and early, de nitive prenatal diagnosis
in subsequent pregnancies.
Any morphological or growth abnormality in the
fetal life can be an isolated abnormality of multifactorial origin, the consequence of environmental
etiologies like a teratogenic insult, intrauterine factors, maternal illness, etc. or a component of a
genetic syndrome. In such a scenario, it is important to be aware of these possibilities, and perform
a complete dysmorphological evaluation with an
aim to distinguish between these diﬀerent situations with varied prognosis and recurrence risks.
Figure 1 shows some common fetal abnormalities
and respective etiologies.

Setting of fetal dysmorphology
There are two main settings where syndromic diagnosis in the fetus is a possibility and should be
actively looked for:
a. Abnormal antenatal ultrasound.
b. Postmortem evaluation of an unexplained fetal
demise or morphologically abnormal fetus.
• Abnormal antenatal ultrasound: Abnormalities on antenatal ultrasound can be found in
5-10% of pregnancies. These can vary from growth
abnormalities, major or minor malformations, soft

11

GeNeViSTA
Fetal abnormality

Acquired etiologies

Naso-maxillary
• Fetal warfarin syndrome
hypoplasia/Binder • Vitamin K deficiency
facies

Talipesequinovarus

• Oligohydramnios
• Uterine malformations
• Multiple pregnancy

Cleft lip

• Multifactorial
• Fetal hydantoin syndrome

Ventriculomegaly

• Fetal infections
• Intracranial hemorrhage
• Associated with neural
tube defect (multifactorial)

• Blood group antigen
isoimmunisation
• Fetal infections esp.
Parvovirus
• Hypothyroidism
• Congenital heart block,
fetal arrhythmias
• Cardiac defects
Neural tube defect • Maternal diabetes
• Maternal hyperthermia
• Folate deficiency
Hydrops fetalis

Genetic etiologies
• Brachytelephalangic
chondrodysplasia punctata
• Keutel syndrome
• Vitamin K metabolism defects
• Chromosomal disorders: sex
chromosome aneuploidy
• Neuromuscular disorders
• Skeletal dysplasias
• Isolated Mendelian*
• Syndromic- chromosomal disorders,
copy number abnormalities or
Mendelian disorders#
•
•
•
•

Isolated Mendelian*
Syndromic- Chromosomal disorders
Copy number abnormalities
Mendelian disorders#

• Chromosomal disorders: Turner
syndrome, Down syndrome
• Mendelian disorders#: Noonan
syndrome, primary lymphatic
dysplasias, alpha thalassemia,
lysosomal storage disorders, others

• Isolated Mendelian*
• Syndromic- Chromosomal,
Mendelian# eg. Meckel-Gruber
syndrome, Spondylocostal
dysostosis

*Isolated Mendelian: Isolated defect due to mutation in single gene
#Syndromic Mendelian disorder: A spectrum of multiple defects arising due to mutation in single gene

Figure 1 Common fetal abnormalities and their etiologies.
markers and liquor or placental abnormalities.
At least 10-30% of prenatally detected malformations are due to a genetic etiology (Beke et al.,
2005). This gure is much higher for speci c abnormalities like omphalocele, holoprosencephaly
and cystic hygroma where 50-90% cases can be
attributed to genetic abnormalities involving the
chromosomes. In each of these scenarios, the
antenatal ultrasonography should be performed
by a fetal medicine specialist with a dysmorphology or clinical genetics knowledge. Alternatively,
a clinical geneticist consultation should be sought,
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along with relevant images to enable recognition of
dysmorphic facies, recognize the pattern of abnormalities and elicit a detailed family history, which
would help in synthesis of a syndromic diagnosis.
The advent of 3D ultrasound technology provides
opportunity for facial dysmorphism recognition,
and can be used as an adjunct to the conventional
2D ultrasonography.
• Postmortem evaluation/ Fetal autopsy:
Post-mortem evaluation is an important modality for establishing the cause of unexplained fetal
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deaths as well as a medically terminated morphologically abnormal fetus. At least 15-30% of
stillbirths are reported to be due to genetic causes
(ﬂeddy et al., 2012). Besides the histopathological examination of the placenta which provides
evidence of acquired insults like utero-placental
insuﬃciency and perinatal infections, dysmorphological evaluation by a geneticist or perinatal
pathologist with expertise in dysmorphology is essential for syndrome recognition. Various studies
indicate that autopsy provides additional ndings
or modi es the antenatal diagnosis in 20-50% cases
(ﬂodriguez et al., 2014). Antenatal series have also
shown that at least 50% syndromic diagnoses are
possible only after an autopsy (Stoll et al., 2003).
Hence, all cases with abnormal ultrasound ndings
should undergo a post-mortem evaluation.

Practical approach to fetal
dysmorphology
The evaluation of the fetus in-utero and/or postmortem for syndrome recognition involves the
following steps (depicted in gure 2):
•
•
•
•
•
•

Antenatal and medical history
Family history
Ultrasonographic ndings
ﬂeports of serum aneuploidy screen
Postmortem evaluation
Genetic testing

• Antenatal history: The woman should be
asked about history of potential teratogenic exposure in the form of prescription drugs, high
grade fever, exposure to environmental toxins and
infection with teratogenic pathogens like rubella,
cytomegalovirus, etc. History of decreased fetal movement perception and malpresentations
is important in cases with arthrogryposis, polyhydramnios and small stomach bubble, where
these nds can provide a clue regarding a primary
neuromuscular disorder in the fetus. History of
previous pregnancies is also important, as previous
pregnancy losses, pregnancy terminations due to
similar or overlapping ndings, neonatal deaths
or previous live abnormal oﬀspring all indicate
possible segregation of a genetic disorder in the
family.
• Medical history: History of maternal illness
like uncontrolled diabetes, phenylketonuria, thyroid disorders, etc. needs to be elicited as they can
play an important role in fetal growth and devel-
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opment. Maternal drug use especially antiepileptic
drugs, coumarin derivatives, ACE inhibitors and
some rarer drugs like retinoic acid derivatives,
thalidomide, etc. needs to be ascertained as these
are known to be potent fetal teratogens. Some
of these can result in fetal malformations which
mimic genetic disorders involving defects in the
common biological pathway. An example is fetal
warfarin syndrome, arising due to exposure to warfarin in the rst half of pregnancy. Warfarin inhibits
the activity of Vitamin K, and its fetal eﬀects are
similar to a genetic disorder brachytelephalangic
chondrodysplasia punctata which is caused by a
mutation in the ARSE gene, important for Vitamin K
metabolism in the body.
• Family history: A three-generation family
pedigree forms the cornerstone of the family history ascertainment. This can provide important
information like consanguinity, which increases the
risk of autosomal recessive disorders; previous
fetus or child with similar or overlapping phenotype; other family members with pregnancy losses,
infertility or abnormal oﬀspring indicating possibility of a chromosomal rearrangement or single
gene etiology; and at times a parent with milder
manifestation of the same condition as the fetus.
• Ultrasonographic
ndings: Various ultrasonographic ndings may be a manifestation
of an underlying genetic syndrome in the fetus
and a high degree of suspicion as well as careful
search for associated abnormality(ies) is important
to recognise these.
a. Structural/ morphological abnormality: These
most commonly are malformations i.e. intrinsic
defects in the formation of a structure, but can
also be deformations due to compressive eﬀects
on a normally formed structure e.g. varus deformity in oligohydramnios, or disruptions due to
sudden insult, traumatic or vascular on a normally
formed structure e.g. amputation due to amniotic
band. Malformations or intrinsic defects are likely
to be of genetic etiology. They may be isolated
or may be associated with other malformations
and/or growth problems which indicate an underlying genetic syndrome. A speci c spectrum of
abnormalities may be characteristic of a speci c
genetic syndrome e.g. Meckel Gruber syndrome
presents with encephalocele, polydactyly and multicystic dysplastic kidneys; trisomy 13 presents with
holoprosencephaly, midline cleft, polydactyly and
multicystic dysplastic kidneys; and similarly many
other patterns of malformations indicating a par-
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Fetus with
abnormality

Historical details
including
pedigree
Antenatal
ultrasound

Postmortem
examination

• Soft marker: Single or multiple;
low risk or high risk
• Malformation: Isolated or
multiple
• Growth/liquor abnormality:
Isolated or associated with soft
marker or malformation;
Doppler studies or other
indicators of acquired
etiologies
• Adjunct modalities: fetal MRI,
3 D USG
Invasive testing:
Amniocentesis/cordocentesis/
placental biopsy
•
•
•
•

• Facial dysmorphism
• External or internal
malformation: Isolated or
multiple
• Growth abnormalities
Organomegaly
• Skeletal dysplasia on radiographs
• Histopathology of fetal organs
showing specific etiology
• Placental histopathology showing
evidence of uteroplacental
insufficiency

Fetal tissue
sampling

Fetal karyotype
Chromosomal microarray
Biochemical testing
Exome sequencing

Diagnosis of fetal syndrome

Dashed arrow reflects that postmortem evaluation may or may not be done depending on
ultrasound findings

Figure 2 Practical approach to fetal syndrome diagnosis.
ticular diagnosis. As a rule, multiple abnormalities
per se indicate possibility of a genetic syndrome,
whereas a single malformation may or may not be
genetic in etiology.
b. Soft markers: These are ultrasound ndings,
which may be seen in many normal fetuses, but are
also indicators of underlying syndromic etiology,
primarily chromosomal disorders in some fetuses.
Many soft markers have been described and the
risk of chromosomal disorders associated with
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each has been statistically quanti ed. These risks
are integrated with the maternal demographics and
serum screening risks to provide a nal aneuploidy
risk, which is then used for decision-making regarding invasive testing and fetal karyotyping. Similar
to malformations, presence of multiple markers increases the risk of chromosomal aneuploidy more
signi cantly.
c. Growth abnormalities: Both fetal growth restriction as well as fetal overgrowth can be due
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Fetal abnormality

Genetic syndromes reported
to be associated

Increased nuchal fold
thickness

•
•
•
•

Trisomy 21
Other trisomies
Noonan syndrome
Skeletal dysplasias:
Achondrogenesis,
osteogenesis imperfecta

• Trisomy 21
• Skeletal dysplasias:
asphyxiating thoracic
dystrophy,
brachytelephalangic
chondrodysplasia
punctata
Short long bones
• Skeletal dysplasias:
Various with distinctive
features like fractures,
bending, macrocephaly,
polydactyly
• Syndromes with
primordial short stature
Multicystic dysplastic kidney • Trisomy 13
• Meckel-Gruber syndrome
and other ciliopathies
Absent nasal bone

Figure 3 Common ultrasound abnormalities and associated genetic syndromes.
to maternal and utero-placental factors or due
to an intrinsic fetal abnormality. Besides chromosomal disorders, various single gene disorders
like microcephalic osteodysplastic dwar sm, Seckel
syndrome, Smith-Lemli Opitz syndrome (SLOS),
ﬂussel-Silver syndrome, etc. can present with
intrauterine growth restriction (IUGﬂ). Another important group of disorders presenting with short
bones and mimicking IUGﬂ is the skeletal dysplasia group, which includes at least 100 diﬀerent
single gene conditions presenting in the prenatal period. Fetal overgrowth may also be due
to primary overgrowth disorders like BeckwithWiedemann syndrome(BWS), Pallister-Killian syndrome and Weaver syndrome, among others.
Hence, it is important to look for additional ndings like facial dysmorphism and malformations in
all cases of fetal growth abnormalities, where no
acquired etiology is apparent. At times, maternal
serum screen results can provide clues to the un-
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derlying genetic etiology, such as low estriol levels
in SLOS and high alfa-fetoprotein in BWS.
d. Liquor abnormalities: Both excess and scanty
liquor can be due to underlying genetic etiologies,
eg Bartter syndrome in polyhydramnios and autosomal recessive polycystic kidney disease in oligohydramnios. At times, these could be indicators
of other underlying morphological abnormalities,
indicating a syndromic diagnosis.
Figure 3 depicts some common ultrasound
abnormalities and associated genetic syndromes.
• Maternal serum screen: These are biomarkers in the maternal serum which are assayed
with the primary aim to screen for common fetal
chromosomal abnormalities. Both rst and second
trimester screening protocols are available, which
in combination with ultrasonic soft markers aid in
screening of low risk women for fetal chromosomal
disorders with high sensitivity and low false positive
rates. However, these markers are primarily useful
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for a few speci c conditions, and the detection
of most fetal genetic syndromes are on basis of

ultrasound ndings and historical data as detailed
above.

Postmortem external or internal abnormality

Genetic syndromes reported to be associated

Radial ray defect

•
•
•
•
•
•

Polydactyly

• Trisomy 13
• Meckel-Gruber syndrome and other
ciliopathies
• Orofaciodigital syndrome
• Pallister-Hall syndrome and other GLI3
disorders
• At least 400 different disorders

Overlapping fingers

• Trisomy 18
• Distal arthrogryposis
• Otopalatodigital syndrome

Arthrogryposis multiplex
congenita

•
•
•
•
•
•

Trisomy 18
Multiple pterygium syndrome
Neuromuscular disorders
Skeletal dysplasias
Connective tissue disorders
At least 300 different disorders

Cleft Palate

•
•
•
•
•

22q11.2 deletion
Stickler syndrome
Smith-Lemli-Opitz syndrome
Otopalatodigital syndrome
Orofaciodigital syndrome

Congenital diaphragmatic hernia

•
•
•
•

Fryns syndrome
Simpson-Golabi-Behmel syndrome
Pallister-Killian syndrome
Donnai -Barrow syndrome

Truncus arteriosus

•
•
•
•

22q11.2 deletion
Trisomies
Holt –Oram syndrome
Townes-Brocks syndrome

Dandy-Walker malformation

•
•
•
•
•
•

Walker-Warburg syndrome
Trisomies
Ritscher-Schinzel syndrome
Meckel-Gruber syndrome
Congenital disorder of glycosylation
Orofaciodigital syndrome

Trisomy 18
VACTERL association
Fanconi anemia
TAR syndrome
SALL4 mutation
Rothmund-Thomson syndrome

Figure 4 Common postmortem dysmorphic ndings and associated genetic syndromes.
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• Postmortem evaluation/fetal autopsy: This
involves a comprehensive and step-wise evaluation
of the fetus in a post-mortem setting and forms the
single most important modality for diagnosis of a
genetic syndrome. Typically, autopsy encompasses
an external examination or dysmorphological evaluation of the fetus, similar to the approach in a
clinical genetics clinic; internal dissection to look
for gross morphological abnormalities of fetal organs and structures; whole body radiogram, both
antero-posterior and lateral views; and histopathological evaluation of fetal organs and placenta. A
standard autopsy proforma helps in maintaining
record of the ndings. Brie y, the following are the
steps, relevant ndings and implications during an
autopsy:
a. Radiographs: A complete fetal radiograph
is essential for diagnosis of a skeletal dysplasia
and in distinguishing the various types from each
other. Cardinal features like platyspondyly, aring
of ends of femur, bent femur, fractures, absent
ossi cation, epiphyseal stippling, etc. all help
in providing diagnosis of a speci c condition. A
radiograph can also provide ancillary information
like joint dislocations, spine deformities, missing
or supernumerary bones, etc., which may help in
diagnosis of a speci c genetic syndrome.
b. External/Dysmorphological examination: This
involves assessment of anthropometric parameters like crown rump length, crown heel length,
head circumference, chest circumference and foot
length. Other parameters like inter-orbital distance, hand length, philtrum length, phallus length,
and limb segment length may also be assessed as
required. All the parameters should be compared
to available centile charts and recorded. This
is followed by a head to toe examination with
special attention to dysmorphic features. The
head, face, neck, spine, chest, abdomen, external
genitalia, extremities, joints and skin are assessed
for shape, size and appearance, and any deviation
from normal searched for and noted. The placenta,
membranes and umbilical cord are also examined
for appearance and any abnormality. The weight
of the placenta and number of cord vessels are
recorded. Figure 4 provides some dysmorphic
features and the corresponding genetic syndromes
associated with these.
c. Internal examination: This involves the examination of the intra-abdominal, intra-thoracic and
intra-cranial structures for any abnormalities, in
size, shape or morphology. Incision is made on the
anterior aspect of the trunk and the skull following
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standard techniques. It is important to be aware
of some normal gestation-dependent ndings, like
the lobulated appearance of fetal kidney, the relative large size of adrenals, thymus and liver, the
developing internal genitalia and lung ssures and
the smooth brain surface in early gestation among
others. Gestation-speci c photographs should be
used for comparison before concluding a structure
as abnormal. Figure 5 provides some normal
gestation-dependent ndings. Figure 4 depicts
some internal organ abnormalities and respective
associated genetic syndromes.

Figure 5 Some

gestation-dependent normal
morphological ndings in fetal life a:
Blake pouch cyst with normal cerebellum (inset) at 19 weeks; b: Smooth
brain at 19 weeks gestation; c: Low
set and poorly formed ear placode in a
rst trimester fetus; d: Lobulated fetal
kidneys similar in size to fetal adrenals
at mid-trimester.

d. Gross examination and histopathology of fetal
organs: All fetal organs are weighed and compared with gestation-dependent percentiles. A
detailed histopathological evaluation is performed,
using H&E staining, and if necessary special stains
and immunohistochemistry.
Many renal and
brain pathologies can be well delineated following histopathology and in many instances this
forms the sole basis for diagnosis. An example
being cystic diseases of kidney, where histopathology can distinguish between autosomal recessive,
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dominant polycystic kidneys, multicystic dysplastic
kidneys and glomerulocystic kidney disease, all of
which can have a similar gross appearance and
clinical presentation. Similarly, brain pathologies
like neuronal migration disorders can be well delineated and classi ed on histopathology. Placental
histopathology can provide evidence of uteroplacental insuﬃciency and fetal infections.
This comprehensive approach to an abnormal
fetus, using historical, imaging and postmortem
ndings provides important diagnostic information
and often leads to the diagnosis of a speci c
dysmorphic syndrome or identi cation of an acquired etiology. However, nal con rmation of a
genetic etiology depends on laboratory testing and
identi cation of the underlying genetic aberration.

Genetic testing for the dysmorphic fetus
Genetic disorders can broadly be classi ed into
three diﬀerent types, and each of these require a
speci c laboratory diagnostic approach.
a. Chromosomal disorders: These are disorders
arising due to numerical or structural abnormalities in chromosomes. The common ones with
well described prenatal phenotypes are Down syndrome (Trisomy 21), Patau syndrome(Trisomy 13),
Edward syndrome (Trisomy 18), Turner syndrome
and triploidy. A karyotype from the amniotic uid
(following amniocentesis), cord blood (following
cordocentesis or at birth), intra-cardiac blood (post
mortem) or skin broblasts, is the gold standard
for the diagnosis of this group of disorders. These
on average constitute 10-30% of fetuses with an
antenatal malformation (Beke et al., 2005). Since
karyotyping requires the presence of viable cells, it
is essential to obtain suitable samples antenatally
or soon after birth for this investigation.
b. Single gene disorders/ Mendelian disorders:
These are diseases arising due to mutations in individual genes. At least 6000 single gene disorders
have been described and for 4500 of them the
molecular basis is known. Many of these disorders
present in the prenatal period with fetal abnormalities, some common examples being Meckel-Gruber
syndrome, Noonan syndrome, short rib polydactyly
syndromes, lysosomal storage disorders, etc. The
exact estimate of such disorders in the prenatal
period is not known, however some recent studies employing Next generation sequencing-based
novel technologies have found single gene defects
in 20-30% of fetuses with antenatal malformations
(Drury et al., 2015). The diagnosis of these dis-
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orders is challenging in the laboratory as many
conditions have overlapping features and genetic
heterogeneity is common. Conventionally, most
often the diagnosis was made following a postmortem evaluation, and then subsequent targeted
testing was done by Sanger sequencing of the
causative gene in the fetal DNA. However, availability of the Next generation sequencing technology
has made it easier to provide molecular testing,
as this enables the parallel sequencing of multiple genes enabling interrogation of overlapping
phenotypes as well as genetically heterogeneous
conditions. An example would be the skeletal
dysplasias, with at least 100 diﬀerent single gene
disorders presenting with short bones on antenatal
ultrasound. Exact diagnosis is often not possible
antenatally, and fetal sampling followed by a NGSbased testing of all skeletal dysplasia genes can
be done to arrive at a nal diagnosis and provide
accurate prognostication to the family.
c. Genomic disorders: Another group of genetic
diseases are caused by copy number abnormalities in the genome i.e. small, submicroscopic
microdeletions or microduplications involving part
of the genome. These conditions require special
molecular cytogenetic techniques for diagnosis,
and often in the antenatal period, where a speci c diagnosis is not apparent, a chromosomal
microarray is the most common testing modality
used. Various antenatal series have found that
chromosomal microarray studies from fetal DNA
of a morphologically abnormal fetus indicate a
copy number abnormality in 6-10% (de Wit et al.,
2014). Presently, microarray studies are recommended as rst tier test in case of morphological
abnormalities on ultrasound. Postnatal studies
have also found 2-10% of stillbirths as having copy
number abnormalities, indicating the signi cant
contribution of this group of genetic aberrations to
fetal abnormalities (ﬂeddy et al.,2012).
d. A relatively rarer type of genetic disorders
known as imprinting disorders can also present
with fetal abnormalities, primarily aﬀecting growth.
Examples being Beckwith-Wiedemann syndrome
presenting with overgrowth, organomegaly, omphalocele and polyhydramnios; and ﬂussel-Silver
syndrome presenting with fetal growth restriction.
Testing for these conditions requires methylation
studies on fetal DNA.
Unlike samples for karyotyping, which require
viable cells, fetal DNA can be obtained from any
fetal sample, including an umbilical cord segment, either antenatally or post-mortem. The
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only prerequisite for suitable DNA sample is that
the concerned sample should not be exposed to
formalin, which can lead to cross linkage, adduct
formation and fragmentation of DNA, precluding
further molecular studies. Hence, to facilitate
laboratory testing and con rmation of a genetic
diagnosis, suitable fetal sample should be obtained
and stored if immediate testing is not possible.
Storage for purpose of DNA extraction can be done
at 2-8⁰C for few weeks and at -20⁰C for long term.
For karyotyping, sample can be stored at 2-8⁰C
and be transferred to the laboratory as soon as
possible, and at least within 48 hours.

Genetic counseling
Appropriate genetic counselling is possible after
an accurate diagnosis has been made following
the clinical and laboratory evaluations. Counseling
typically addresses the following issues:
1. Prognosis: This is relevant in the antenatal
setting when a couple is faced with an ultrasound
diagnosis of a fetal abnormality. Besides the
morbidities of the abnormality and outcome of
postnatal surgery in structural abnormalities, the
recognition of a syndrome has various implications. Most genetic syndromes are associated with
intellectual handicap, which does not have a satisfactory therapy. Additionally, there can be growth
issues, presence of other internal malformations
not detectable by imaging, and occasionally premature lethality. This information needs to be
communicated to the couple as it helps in decision
making regarding pregnancy termination, obstetric
management as well as neonatal management.
2. Recurrence risk: There is an increased recurrence risk associated with genetic etiologies, which
is 25% for autosomal recessive disorders, 50% for
an autosomal dominant disorder with aﬀected parent and 50% for male oﬀspring of a carrier female
for X-linked recessive disorders. The risk is low
for chromosomal disorders, unless they arise due
to a parental chromosomal rearrangement and
for autosomal dominant disorders with normal
parents. This risk estimate helps the couple in
availing prenatal diagnosis services in subsequent
pregnancies, and the need and availability of the
same should be communicated.
3. Prenatal diagnosis: The pre-requisite to de nitive prenatal diagnosis in subsequent pregnancies
is identi cation of the underlying genetic aberra-
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tion in the aﬀected fetus. Hence, laboratory genetic
testing and con rmation of the clinical diagnosis
plays an important role in fetal dysmorphology.
Once the exact mutation or chromosomal abnormality or biochemical defect in the index case
is known, early and de nitive prenatal diagnosis
is possible by chorionic villus sampling at 11-12
weeks in subsequent conceptions. In absence of
a laboratory diagnosis, prenatal diagnosis can be
attempted by ultrasound, however this may not
be of utility till later in pregnancy, and milder or
discordant manifestations may not be detected.
These issues need to be discussed with the family
prior to pregnancy termination, so that appropriate
fetal samples can be obtained.

Conclusion
Feta dysmorphology plays an important role in
evaluation of an abnormal fetus with far reaching implications for the current as well as future
pregnancies. A multi-disciplinary approach, with
clinical geneticist playing a pivotal role is integral to
optimising the care of these special patients and
their families.
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Reactivation of FMR1 by CRISPR/Cas9
(Xie et al., 2016)
Fragile X syndrome (FXS) is a CGG-repeat disorder of the FMR1 gene caused by epigenetic gene
silencing. In the presence of the elongated CGG
repeat, epigenetic modifying drugs result in only
transient FMR1 reactivation. CRISPR/Cas9 genome
editing was used to excise the expanded CGGrepeat in both somatic cell hybrids containing the
human fragile X chromosome and human FXS iPS
cells. Transcriptional reactivation was observed
in approximately 67% of the CRISPR cut hybrid
colonies and in 20% of isolated human FXS iPSC
colonies. The reactivated cells produced fragile X
mental retardation protein (FMRP) and exhibited a
decrease in DNA methylation at the FMR1 locus.

Transcriptional reactivation of the FMR1
gene (Tabolacci et al., 2016)
In Fragile X syndrome (FXS), CGG expansion and
subsequent DNA methylation of the promoter
region, is accompanied by additional epigenetic
histone modiﬁcations that result in a block of
transcription and absence of the fragile X mental
retardation protein (FMRP). In vitro treatment of
FXS lymphoblastoid cell lines with the demethylating agent 5-azadeoxycytidine for 7 days resulted in
transcriptional reactivation of the FMR1 gene and
FMRP production, demonstrating that DNA methylation is key to FMR1 inactivation. These observations demonstrate that a therapeutic approach
to FXS based on the pharmacological reactivation
of the FMR1 gene is conceptually worthy of being
pursued further.
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Systemic delivery of MECP2 rescues behavioral and cellular deﬁcits in female
mouse models of Rett syndrome
(Garg et al., 2013)
Rett syndrome is a severe X-linked neurodevelopmental disorder that is primarily caused by
mutations in the methyl CpG binding protein 2
(MECP2) gene. Systemic administration of selfcomplementary Adeno-associated virus-9 (AAV9),
bearing MeCP2 cDNA under control of a fragment
of its own promoter (scAAV9/MeCP2), was demonstrated to be capable of signiﬁcantly stabilizing
or reversing symptoms in female mice with Rett
syndrome. This increased MeCP2 level to 65%
from 50% and resulted in improvement in motor
function, tremors, seizures and hind limb clasping.
Smaller body size of neurons was restored to
normal. However, it could not rectify breathing
deﬁcits in the Rett-aﬀected mice. This study has
shown the ﬁrst potential gene therapy for females
aﬄicted with Rett syndrome.

Reduction of a long non-coding RNA in
Angelman syndrome (Meng et al., 2015)
Angelman syndrome is caused by maternal deﬁciency of the imprinted gene UBE3A, encoding
an E3 ubiquitin ligase.
All patients carry at
least one copy of paternal UBE3A, which is intact
but silenced by a nuclear-localized long noncoding RNA, UBE3A antisense transcript (UBE3AATS). Murine Ube3a-ATS reduction by either transcription termination or topoisomerase I inhibition has been shown to increase paternal Ube3a expression. Antisense oligonucleotides
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(ASOs) treatment achieved speciﬁc reduction
of Ube3a-ATS and sustained unsilencing of paternal Ube3a in neurons in vitro and in vivo. Partial
restoration of UBE3A protein in an Angelman
syndrome mouse model ameliorated some cognitive deﬁcits associated with the disease, although
additional studies of phenotypic correction are
needed.
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PhotoQuiz - 36
Contributed by: Girisha KM
Department of Medical Genetics, Kasturba Medical College, Manipal, Karnataka
Email: girishkatta@gmail.com

The clinical photograph and radiograph of a 20 weeks
female fetus are shown. Cleft palate, atrial septal defect
and unilateral hydronephrosis, brachydactyly of hands
and feet and bilateral syndactyly of T3 and T4 were also
noted in the fetus. Diagnose the condition.
Please send your responses to editor@iamg.in
Or go to
http://iamg.in/genetic_clinics/photoquiz_answers.php

to submit your answer.

Answer to PhotoQuiz 35
Nephrosialidosis (OMIM 256150)
Neuraminidase deﬁciency (OMIM: #256550; which includes sialidosis type I and type II) is an
autosomal recessive disorder caused by homozygous or compound heterozygous mutations in
the NEU1 gene, which results in progressive lysosomal storage of sialylated glycopeptides and
oligosaccharides. Clinical features include short stature, developmental delay, coarse facies, hearing
loss, inguinal hernia in males, hepatosplenomegaly, cherry red spot in macula, proteinuria,
increased urinary sialyl oligosaccharides and glycopeptides, dysostosis multiplex and
periosteal cloaking of long bones. An early form of glomerular nephropathy with clinical features
of sialidosis type II which can progress to renal failure can occur in neuraminidase deﬁciency with
clinical features of sialidosis type II and has been named as nephrosialidosis (MIM: 256150).
Correct responses were given by:
1. Jagadish Bhat, Goa
2. Srikanth, New Delhi
3. Prashant Kumar Verma, Jaipur
4. G Aruna, Bengaluru
5. Sameer Bhatia, Dehradun

6. Niby J Elackatt, Bengaluru
7. Jai Prakash Soni, Jodhpur
8. Vivekananda Bhat, Bengaluru
9. Mansi Vishal, Ahmedabad
10. Parag Mohan Tamhankar, Mumbai
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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
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