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This patient was referred for evaluation of short stature, dysmorphic features and 
skeletal anomalies. His skeletal radiographs are provided. Identify the condition.

Answer to PhotoQuiz 56
Histiocytosis-Lymphadenopathy Plus Syndrome (OMIM #602782)

Histiocytosis-lymphadenopathy plus syndrome, also known as H syndrome, is a multisystemic 
histiocytosis disorder characterized by hyperpigmentation, hypertrichosis, hepatosplenomeg-
aly, cardiac anomalies, hearing loss, hypogonadism, short stature, cervical and inguinal lymph-
adenopathy, and insulin-dependent diabetes mellitus. It is caused by biallelic pathogenic vari-
ants in the SLC29A3 gene (*612373) and has an autosomal recessive pattern of inheritance.
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Emotional Burden of Prenatal Screening

Prevention of disorders with significant morbidity 
and mortality, by prenatal diagnosis, is an acceptable 
option for most families. It is a boon for families who 
already have or had a patient with such a disorder 
and are anxious about the possibility of recurrence. 
Primary prevention by population-based screening 
for carrier parents and pregnant women, for 
common disorders, has also gained acceptance. 
Large experience is available about screening 
for trisomy 21 and some common monogenic 
disorders like thalassemia, cystic fibrosis and some 
population-specific disorders and is getting accepted 
by the population. Increased awareness about 
the disorders makes population-based screening 
possible and the families without experience of a 
disorder in concern have enough knowledge about 
the disorder to make informed decisions. 

Ease and increased detection rates by technical 
advancements are obvious over the last few years 
in screening for trisomy 21. Now, non-invasive 
screening for aneuploidies of all chromosomes, 
known microdeletion syndromes and copy number 
variations (CNV) has become available to the 
population. The tests based on latest techniques 
immediately become available in the market and 
are offered to the patients. The positive predictive 
values of the screening tests for rare aneuploidies 
are low. Hence many more patients have to 
undergo invasive testing. More important is the 
anxiety created by the screen-positive results. The 
magnitude of anxiety in screen-positive families 
has not been documented but genetic counsellors 
and obstetricians have enough experiences of 
intense emotional disturbances faced by screen-
positive families. In spite of pre-test counselling, 
tremendous anxiety is experienced by the pregnant 
woman, who is in an emotionally vulnerable 
situation and a similar situation is faced by her 
family members. Many times, screening tests are 
offered one after the other and the whole process of 
screening and waiting for results spans over many 
weeks.  Added are the dilemmas in cases of screen 
positivity or true positivity for sex chromosomal 
aneuploidies, many of which namely trisomy X 
or XYY do not justify termination of pregnancy. In 
this era of assisted reproductive techniques, XXY 
and monosomy X also have become manageable 
disorders. Also, one wonders if disorders without 

significant physical or mental handicap justify 
prevention by termination of pregnancy. Inclusion 
of sex chromosomal abnormalities in non-invasive 
prenatal screening though possible, needs 
reconsideration for inclusion in screening.

The GenExpress in this issue discusses many 
advances in non-invasive prenatal screening (NIPS). 
The options seem to be increasing. Families at risk 
of serious genetic disorders are greatly helped 
by these developments. But before these tests 
are offered to the low-risk general population, 
one needs to understand the utility of screening 
including the burden of uncertainties, dilemmas 
and anxiety of the screened population and 
acceptance and quantification of the emotional 
cost involved. The GenExpress talks about non-
invasive screening for monogenic disorders with 
great specificity. However, for many disorders there 
may be phenotypic variability. The phenotype also 
may not be easy to understand. For example, the 
phenotype of Marfan syndrome or Ehlers-Danlos 
syndrome may be beyond the understanding of 
a lay person to make informed decisions. Non-
directive counselling is the backbone of genetic 
counselling. But for this, the understanding about 
the disorder in concern should be adequate. 
For numerous genetic disorders, educating the 
families adequately so that they can take a decision 
about accepting or not accepting the screening 
test is a great challenge. Even after theoretical 
explanations, one wonders if they will have 
adequate understanding about the disorder. Even 
a clinician or a genetic counsellor who has seen 
patients with these disorders will face difficulty 
in deciding about screening for monosomy X or 
Marfan syndrome. Just telling that the counselling 
is non-directive and passing the responsibility of 
making decisions in situations with dilemmas onto 
the patient and the family is not correct. Decisions 
regarding inclusion of the disorder in screening 
programs and to develop enough capabilities for 
pre and post-test counselling are prerequisites 
and may be limiting factors in screening programs. 
Without adequate counselling support, screening 
tests for a large number of rare disorders may 
do more harm than good. It is time to stop and 
think: how many and which disorders to screen 
in the general population? Just screening for 
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aneuploidies, leads to a few months of anxiety 
during the nine months period of gestation for 
many families, for preventing one trisomy 21 
out of around 800 pregnancies. More screening 
will increase the anxiety, duration of anxiety and 
number of pregnant women facing anxiety. It 
may not be good for the pregnant woman who is 

traditionally pampered and is supposed to remain 
happy throughout her pregnancy.

Everyone wants a healthy baby but balance 
between the efforts for prevention of genetic 
disorders and the emotional burden of screening 
tests should be achieved, especially when 
prevention is by termination of pregnancy!

Dr. Shubha Phadke
1st July 2022
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The Crafoord days, April 2022
Dhanya Lakshmi N

Department of Medical Genetics, Kasturba Medical College and Hospital,
Manipal, India.

Email: dhanyalakshmi@gmail.com

Dear Editor,

We are all quite familiar with the prestigious 
Nobel Prizes given annually to honor individuals  
who have ‘conferred the greatest benefit to 
humankind’. The Crafoord prize is yet another 
equally prestigious annual science prize awarded 
by the Royal Swedish Academy of Sciences in 
partnership with the Crafoord foundation in 
Sweden. The Crafoord foundation was established 
by Holger Crafoord and his wife Anna- Greta 
Crafoord, to complement the Nobel prizes 
in disciplines, like astronomy, mathematics, 
geosciences and polyarthritis. The prize is currently 
worth 7,00,000 USD. 

Holger Crafoord, who was a Swedish industrialist, 
suffered from polyarthritis and that was the reason 
for honoring scientists making a progress in this 
particular field. In the year 2021, Dr Dan Kastner, the 
‘father of autoinflammatory diseases’ was awarded 
the Crafoord prize for his significant contribution 
to the field of autoinflammatory diseases, which 
could cause polyarthritis. In his honour, a one-day 
symposium in autoinflammatory diseases was 

conducted. A group of clinicians and scientists 
working in this exciting field met and presented 
their work during this one-day symposium on April 
25. Dr Kastner delivered his acceptance speech 
that day and shared his experiences of working 
in the field of autoinflammatory diseases. These 
rare monogenic diseases with phenotypes similar 
to common multifactorial autoimmune diseases 
provide insights into the pathogenesis of the latter 
group of disorders.

I was humbled by Dr Kastner’s knowledge and 
intellectual humility. This one-day meeting was an 
opportunity to meet scientists working in the group 
of these rare disorders and enthused my mind to 
pursue the work.

Acknowledgement
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Clinical Vignette

A Clinical Report and Further Delineation of the Proximal  
8p Deletion-Associated Phenotype 

Neha Agrawal, Shubha R Phadke

Abstract

Chromosomal abnormalities are the most 
common cause of unexplained developmental 
delay (DD), autism, intellectual disability (ID) and 
multiple congenital anomalies (MCA). Proximal 
interstitial deletion of 8p is very rare, and only a 
few reports have been published till date.Here, we 
report a 3-years-6 months-old-boy with a de novo 
13 Mb interstitial deletion of chromosome 8p21.1-
8p22, to expand the knowledge of the phenotypic 
effects of this rare interstitial deletion. It was in 
a mosaic form and mosaicism was detected on 
traditional karyotyping. 

Keywords: 8p interstitial deletion, mosaic  

Introduction

Cytogenetic microarray (CMA) is the first-tier 
test in the evaluation of neurodevelopmental 
disorders with or without malformations. Due 
to cost constraints, in India, karyotyping is still 
used frequently. Here, we present a description 
of the phenotype and genotype of a child with an 
interstitial deletion on chromosome 8p. Cytogenetic 
microarray delineated the exact region and the 
genes in the deleted segment. Karyotype showed a 
low-level mosaicism of normal cell lines.     

Clinical details

This 3-years-6-months-old-boy was referred to 
our genetic clinic with global developmental delay 
and recurrent seizures since 3 years of age. He was 
the second child of non-consanguineous parents. 
Both his parents and his elder brother were healthy. 
There was no family history of malformation or 
developmental delay. The child’s mother had history 
of two first-trimester spontaneous abortions.

The proband was delivered uneventfully at 
37 weeks of gestation after a normal pregnancy. 
At birth, the weight was 2500g (-1.9 Z score). 
Developmental delay was noted during infancy. 
He achieved neck holding at 4 months, sitting 

with support at 9 months, sitting without support 
at 15 months and walking with support at 3 
years 2 months. Fine motor milestones were also 
delayed, and he achieved pincer grasp at 1 year 
6 months. He was able to coo at 4 months and 
speak monosyllables at 1 year. He was not able 
to speak bisyllables at the time of evaluation. He 
achieved social smile at 6 months, could recognize 
his mother and reached persistently for toys. The 
development quotient was 36% in all domains.

His height was 87 cm (Z score of -3.33), 
weight was 12.6 Kg (Z score of -1.59) and head 
circumference was 44 cm (Z score of -3.64). He had 
mild pallor. Hair and eyebrows were sparse. He 
also had hypotelorism, deep-set eyes, low-set ears, 
cup-shaped pinnae, long and smooth philtrum 
and downturned corners of the mouth (Figure 
1a,b). A café au lait spot was seen on the right 
forearm (Figure 1c).There was bilateral postaxial 
polydactyly in the feet (Figure 1d).His tone and 
power were mildly decreased. There was no other 
abnormal systemic finding. Magnetic resonance 
imaging (MRI) of the brain was normal. His thyroid 
function tests, liver function tests, and kidney 
function tests were unremarkable. Hemogram 
revealed hemoglobin of 8.3 g/dl, suggestive of iron 
deficiency anaemia.

On the basis of clinical features and history 
of two spontaneous abortions in the mother, 
the possibility of a chromosomal aberration was 
considered. Cytogenetic analysis of G-banded 
metaphase chromosomes was carried out and it 
showed a 46,XY,del(8)(p21.3) in 41 metaphases and 
normal 46,XY in 9 metaphases at a resolution of 
550 bands (Figure 2).  To delineate the exact size of 
deletion and breakpoints, cytogenetic microarray 
analysis (CMA) was performed on the patient’s 
peripheral blood using Affymetrix CytoScan 
750K Array (Affymetrix, Thermo Fisher Scientific, 
California, United States). This revealed an 
interstitial deletion of 13Mb of 8p21.1-8p22 region 
with the telomeric breakpoint of 8p22 located at 
15,753,994 and the centromeric breakpoint of 
8p21.1 located at 28,811,649 based on GRCh38 
human genome assembly. No mosaicism was 
detected by this method. This region contains 93 
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ACMG/AMP criteria, this deletion was classified as 
pathogenic (ACMG CNV score: 1.55) (Riggs et al., 
2020).

Discussion

This is a report of a cytogenetically detected 
deletion on chromosome 8p in mosaic form. It was 
found to be an interstitial deletion by cytogenetic 
microarray. As a low level of mosaicism (18%) 
can be missed by cytogenetic microarray, this 
case emphasizes the role of classic cytogenetics 
in the molecular era. Mosaicism for structural 
chromosomal rearrangements is rare. Mosaic 
deletion (8p)/inversion duplication deletion 
(8p) were associated with both mild and severe 
phenotypes (Matthew et al., 2009; Soler et al., 2003; 
Prampero et al., 2004). The child had a café au lait 
spot, but patchy pigmentary regions were not 
seen, though there was chromosomal mosaicism.  

Three entries in DECIPHER and one in ClinVar 
with deletions involving regions similar to this child 
are compared in Table 1. The smallest deletion in 
8p is reported by Piovani et al. (Piovani et al., 2014). 
The individual described had mild developmental 
and speech delay, some facial dysmorphism and 
long digits. Individuals described by Izumi et al. and 
LaBranche et al. had deletions of 3.6 Mb and 11.49 
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Figure 1

Figure 2

Figure 3

Facial and physical dysmorphic 
features of the patient at 3.5 years of 
age. (a) & (b) Facial image of the patient 
showing sparse eyebrows and hair, 
hypotelorism, low-set ears, cup-shaped 
pinnae, long and smooth philtrum and 
downturned corners of the mouth. (c) 
Image showing hyperpigmented lesion 
over the right forearm. (d) Image of 
the feet showing bilateral post-axial 
polydactyly in the feet.

Karyotype of the patient (at 550 resolution)

Deleted region of the genome. (a) SNP 
array scatter plot of chromosome 8 
showing a 13 Mb interstitial deletion 
within chromosome 8p21.1-8p22. (b) 
UCSC Genome Browser view of the 
13 Mb deleted region, showing the 
location of the 93 OMIM genes within 
this region

46,XY,del(8)(p21.3)[41]/ 46,XY[9]

OMIM genes and 96 protein-coding genes (Figure 
3). Microarray analysis of the parents was not 
performed. Karyotypes of both the parents were 
normal.

Similar or larger interstitial deletions of 8p21.1-
8p22 region have not been reported in the Database 
of Genomic Variants (http://projects.tcag.ca/
variation/); however, overlapping likely pathogenic 
or pathogenic copy number deletions have been 
reported in ClinVar (https://www.ncbi.nlm.nih.
gov/clinvar/) and DECIPHER (https://decipher.
sanger.ac.uk/application/) (Table 1).  Based on the 

13 Mb deletion of cytoregion 8p21.1-p22 involving 3835 probes

Disruption of 93 OMIM genes 
including 25 morbid genes

a cb

d



Features Our  
patient
13 MB  
CNV loss
chr8: 
15753993-
28811649 
(GRCh38)

(Izumi  
et al., 2011)
3.6 MB CNV 
loss
chr8: 
20850824-
24473235
(GRCh38)

(Piovani  
at al.,  
2014)
1 MB CNV  
loss
chr8: 
14187850- 
15190363
(GRCh38)

(LaBran 
che et al.,  
2020)
11.4 MB  
CNV loss
chr8: 
5220527-
16655044 
(GRCh38)

ClinVar:  
(VCV000 
154449)
16.7MB  
CNV loss
Chr8:  
12383584- 
29033946  
(GRCh38)

DECIPHER: 
(396045)
14.59 MB 
CNV loss
12798120-
27386566 
(GRCh38)

DECI-
PHER:  
(411603)
7. 15 MB  
CNV loss
chr8:8: 
16701235- 
23852321  
(GRCh38)

DECIPHER: 
(327931)
3.95 MB  
CNV loss
chr8: 
20962469-
24910423 
(GRC38)

Sex Male Male Male Male NA Female Male Female
Global 
develop-
mental 
delay

Yes Yes Yes Yes Yes Yes NA NA

Intel-
lectual 
disability

Yes Yes 
ADHD

Yes Yes 
ADHD

Yes Yes Yes Yes

Short 
stature

Yes No No No No Yes NA NA

Micro-
cephaly

Yes No, 
Macroceph-
aly*

No No Yes Brachy-
cephaly

NA NA

Dys-
morphic 
features

Hypo-
telorism, 
upslanting 
palpebral 
fissures,  
deep-
set eyes, 
low-set 
ears, cup-
shaped 
pinnae, 
long and 
smooth 
philtrum 
and down-
turned 
corners of 
the mouth. 

Deep-set 
eyes, mild 
synophrys, 
horizontal 
eyebrows, 
progna-
thism, high 
palate and 
broad uvula

Hyper-
telorism, 
down- 
slanting  
palpebral  
fissures,  
strabis-
mus,  
prominent  
nasal 
bridge, 
small  
mouth,  
short  
philtrum

Deep-set 
eyes, mild 
ptosis of 
left eye, 
prominent 
ears, flat 
philtrum, 
thin upper 
lip, pointed 
chin

Abnor-
mal facial 
shape

Hyper-
telorism, 
upslanting 
palpebral 
fissures, 
round 
face, thin 
upper 
vermil-
ion, wide 
intermam-
millary 
distance, 
posteriorly 
rotated 
ears

Oligodon-
tia

Upslanting 
palpebral 
fissures, 
promi-
nent nasal 
bridge

Sparse 
and thin 
hair and 
eye-
brows

Yes Yes Yes Yes NA Yes NA Yes

Clinical Vignette

Phenotypes and genotypes of individuals with 8pdeletion.
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Extrem-
ities/
Joints 
hyper-
mobili-
ty 

Hypotonia, 
bilateral 
post-axial 
polydactyly 
in feet

Cubitus 
valgus 

Arach-
nodactly, 
valgus 
knee and 
only one 
groove of 
the right 
hand with 
distal liga-
mentous 
laxity 

Bilateral 
neuro-
muscular 
equinus

General-
ized hypo-
tonia

NA NA Hypotonia, 
pes cavus

Unilater-
al renal 
agenesis

NA NA NA NA NA NA Yes NA

Cryptor-
chidism

No NA NA Glandular 
hypospa-
dias

Yes NA NA NA

Skin pig-
mentary 
abnor-
malities

No NA NA Yes Yes NA NA NA

Radiol-
ogy (X 
ray/MRI 
brain) 
Imaging

Brain MRI: 
Normal

X ray: 
slipped cap-
ital femoral 
epiphysis 
and second-
ary avascu-
lar necrosis. 
Brain MRI: 
prominent 
lateral ven-
tricles 

Brain MRI: 
hyper- 
intensity 
in the 
long TR 
sequences 
involving 
posteri-
orly the 
periven-
tricular 
white 
matter

NA NA NA NA NA

Number 
of OMIM 
genes

93 OMIM 
genes

39 OMIM 
genes, 8 
morbid 
genes

1 OMIM 
gene

53 OMIM 
genes, 11 
morbid 
genes

98 OMIM 
genes

80 OMIM 
genes

58 OMIM 
genes

39 OMIM 
genes

ACMG 
Classifi-
cation

Pathogenic
ACMG CNV  
score: 1.55

Pathogenic Pathogen-
ic

Pathogenic Pathogenic Likely 
Pathogenic

Patho-
genic

Pathogenic

6Genetic Clinics 2022 | July - September | Vol 15 | Issue 3

SIAMG- Genzyme Fellowship Program in Cl inical  Genetics
Duration and scope: Three months training in Clinical Genetics at select premier medical institutes 
across India
Eligibility: Post-graduate degree (MD/ MS/ DNB) in a clinical specialty
Award Support: Consolidated emolument of Rs. 50,000/- per candidate per month, for three months.
Mode of Application: The application form and information brochure can be downloaded from www.
iamg.in    
For details, please visit: http://www.iamg.in or write to info@iamg.in  



Clinical Vignette

7Genetic Clinics 2022 |  July - September | Vol 15 | Issue 3

Mb respectively (Izumi et al., 2010; LaBranche et 
al., 2020) (Table 1). The photographs of these 
individuals show deep-set eyes and characteristic 
nose with a prominent bridge and broadening 
at nostrils with pointed tip giving a triangular 
appearance to the nose.  The characteristic facial 
phenotype is similar to the individual we describe. 
In spite of the characteristic facial phenotype, 
the deleted region reported by LaBranche et al. 
(LaBranche et al., 2020), has only 0.7Mb overlapping 
region with the individual we describe and no 
overlap with the deleted region reported by Izumi 
et al., 2011. Facial phenotype with cytogenetically 
detected deletion on chromosome 8p by Orey and 
Caren, is also similar (Orey and Caren, 1976).  In 
some patients, the deletion of chromosome 8p has 
been found to be also associated with congenital 
heart malformations (Pivoni et al., 2014).  Izumi et 
al. (Izumi et al., 2011), described the proband and 
his mother having a large head circumference. 
Polydactyly and epilepsy in the individual we 
describe are novel features which were not 
previously reported. 

There are many genes in the deleted region 
and an inference about causative genes for 
neurodevelopmental disorder cannot be drawn. 
Tabarés Seisdedos and Rubenstein have listed the 
genes on chromosome 8p which are involved in 
neurological and psychiatric disorders (Tabarés-
Seisdedos and Rubenstein, 2009). This suggests  
that the neurodevelopmental disability in 
individuals with variable deletions on chromosome 
8p is likely to be due to a complex multigenic 
pathology.

Our report highlights the utility of systematic 
documentation of dysmorphic features, 
comparison with the published literature and 
clinical utility of a karyotype. We also describe 
polydactyly and epilepsy as novel features in 8p 
deletion syndrome.  
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Variant of Uncertain Significance Identified in  
Exome Sequencing: What Next?

Abstract

Next-generation sequencing (NGS) has 
revolutionized the field of medicine, providing 
better tools for the diagnosis of genetic diseases. 
However, it has also thrown up new challenges 
like reporting of variants of uncertain significance 
(VUSs). All clinicians who order for a test based on 
NGS are likely to come across this entity. This article 
is an attempt to guide the clinician regarding the 
further steps to be planned once a VUS is identified 
in their patients.

Keywords: Next-generation sequencing (NGS), 
variant of uncertain significance (VUS), segregation, 
reverse phenotyping.

Introduction

Next-generation sequencing (NGS) is a technique 
of massively parallel DNA sequencing which is useful 
for sequencing of multiple genes or whole exome/
genome for finding a genetic etiology in the patient. 
NGS technologies are not only cost effective and 
rapid, but also highly accurate and reproducible. 
NGS is majorly used in clinical practice for diagnostic 
evaluation to identify a genetic etiology of disease 
in the patient which helps in early diagnosis and 
proper management of the disease as well as for 
better understanding of disease mechanisms. 
Currently different NGS approaches being used are 
targeted panels sequencing (TPS), whole-exome 
sequencing (WES)/ clinical exome sequencing (CES) 
and whole-genome sequencing (WGS). TPS is used 
for diseases/phenotypes which are known to be 
caused by a group of genes e.g.,genetic epilepsy 
panel, muscular dystrophy panel, etc. CES is a large 
panel of about 5500 genes wherein sequencing 
of genes known to cause single gene disorders in 
humans is done. WES is sequencing of all ~20,000 
genes in the human genome. WGS refers to 
sequencing of the entire genome including the 
coding and non-coding regions.

Whole-exome sequencing (WES) is sequencing 
of entire coding regions of the genome (exons 
of ~20,000 genes), which constitutes ~1% of 
the genome. It is known that 85% of Mendelian 
disorders are caused by pathogenic variants in 
protein-coding regions. Hence WES is likely to 
give the genetic diagnosis in a large proportion 
of patients. WES is widely used in patients with a 
suspected Mendelian disorder where a definitive 
diagnosis is not available e.g., syndromic intellectual 
disability, multiple malformation syndrome, etc. 
(Bamshad et al., 2011). It is cost effective compared 
to WGS with a diagnostic yield of ~15–45%. The 
major disadvantages of WES include inability to 
identify variants in non-coding regions of genome 
(introns, intergenic regions) and to detect different 
genetic mechanisms like copy number variations, 
triplet repeat disorders, methylation disorders, etc. 
(Bhowmik & Dalal, 2017).

It is very important that every clinician should 
be aware regarding interpretation of an NGS report 
since NGS-based testing is being routinely used in 
clinical practice. It is easy to interpret the report if 
a systematic method is followed. An NGS report 
mainly comprises of following segments:

1 Variant information: Gene name, transcript ID 
(most abundant mRNA of the gene), location of 
the variant – chromosome number, nucleotide 
position on the chromosome, position on 
mRNA (c.) and position on protein (p.), zygosity 
(presence in homozygous or heterozygous form 
in the patient).

2 Disease information: Name of the disease, 
OMIM details, segregation pattern of the disease 

3 Variant frequency information: indicates 
presence of the variant in public databases like 
1000 Genomes, gnomAD etc. with minor allele 
frequency (MAF), or in mutation databases for 
known variants like ClinVar, OMIM, etc.

4 Pathogenicity information: indicates 
pathogenicity prediction by various tools for 
novel variants. 

Based on the above information, the  classification 
of variants is done using the American College of 
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Medical Genetics and Genomics/ Association for 
Molecular Pathology (ACMG/ AMP) guidelines, that 
classify variants into 5 classes i.e., pathogenic, likely 
pathogenic, variant of uncertain significance (VUS), 
likely benign and benign (Richards et al., 2015). 
A variant is classified as a pathogenic or likely 
pathogenic variant, if the variant is found in a gene 
previously described with clinical features of the 
disease in the patient and is reported at very low 
frequency in the normal population. The variant is 
classified as benign/ likely benign if the variant is 
present in the normal population at a high frequency 
and is not predicted to be damaging for the protein. 
However, if we are not able to confidently classify 
a variant as pathogenic/ likely pathogenic or as 
benign/ likely benign, then the variant is classified 
as a variant of uncertain significance (VUS). VUSs 
mainly include novel variants in genes related to 
the phenotype in the patient which are found at 
very low frequency in the normal population. VUS 
in NGS reports should be interpreted with caution 
by clinicians, and the same should be explained to 
patients. VUS should not be used for irreversible 
actions like genetic counseling, prenatal diagnosis 
or carrier screening.

What next?

Reclassification of VUS to pathogenic/ likely 
pathogenic or benign/ likely benign can be done as 
more evidence is obtained regarding the variant.
The steps to be followed after finding a VUS are 

(a) check the Mendelian segregation of the variant 
in the family;(b) do reverse phenotyping; and (c) 
follow up the patient for any future reclassification 
of the variant.

(a) Mendelian segregation of the variant in the 
family

Analysis of Mendelian segregation of the variant 
can help in obtaining further evidence towards 
pathogenicity of variant (Figure 1). In cases of a 
heterozygous VUS in a gene known to be associated 
with an autosomal dominant condition, Mendelian 
segregation can show the same variant in one of 
the parents or both parents may be homozygous 
for the wild type allele. If one of the phenotypically 
normal parents is carrier of the heterozygous 
variant, then the variant is less likely to be disease-
causing. However, possibility of incomplete 
penetrance needs to be considered (Figure 1A). If 
the variant is of de novo occurrence in the patient, 
as is evident by homozygous wild type allele in both 
parents, then the variant is likely to be disease-
causing and needs further analysis for functional 
significance. Similarly, if the variant is homozygous 
in the proband and the gene is known to be 
associated with an autosomal recessive disorder, 
then there are three possibilities in segregation 
analysis (Figure 1B):

A. If both parents are found to be heterozygous 
carriers for the same variant, then it points 
towards autosomal recessive inheritance of the 
variant.

Figure 1 Utility of Mendelian segregation analysis for variant interpretation

Segregation analysis in heterozygous VUS

Mendelian segregation analysis through Sanger sequencing of the variant

Segregation analysis in homozygous VUS

Proband homozygous for VUS

A B

Proband heterozygous for VUS

P

P

P

P

(a)

P

P

P
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B. If one of the phenotypically normal parents is 
homozygous for the same variant, then such a 
variant is less likely to be pathogenic.

C. If one parent is found to be a heterozygous 
carrier and other parent is homozygous wild 
type for the variant then possibilities of large 
deletion not detectable on Sanger sequencing, 
uniparental disomy and disputed paternity 
need to be considered.

(b) Reverse phenotyping 
A VUS can be further refined and reclassified 

using additional evidence based on functional assay 
or identification of specific radiological/biochemical 
evidence for a particular disease. Functional 
evidence can be in the form of investigations like 
enzyme assay, immunohistochemistry on muscle 
biopsy, magnetic resonance imaging studies,etc. 
(Table 1 & Figure 2 A). Reverse phenotyping is 
very important in present times since many of 
the genetic tests are done using a genotype-first 
approach without obtaining sufficient radiological/
biochemical/pathological clues for diagnosis of the 
condition.

(c) Follow up of patient for any future 
reclassification of the variant 

It is very important for the clinician to understand 
that all VUSs do not need to be immediately 
interpreted in the absence of convincing evidence. 

Figure 2

In such situations the best practice would be to 
follow up the patient at specific intervals and do 
reanalysis of data (Figure 2B). VUS reclassification 
is likely to happen as more cases with the condition 
get reported and more information is available 
about the functional significance of variants in a 
particular gene.

Exome sequencing has revolutionized the field 
of genetic diagnostics. However, it is important that 
clinicians observe precautions while interpreting a 
VUS, since a wrong interpretation is likely to cause 
more harm to the patient than an absence of 
diagnosis. 
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Examples of reverse phenotyping and data reanalysis for variant interpretation

Reverse phenotyping Follow up and reanalysis of NGS data

Patient presented with global 
developmental delay and seizures 
with polydactyly and nystagmus

Exome sequencing revealed VUS 
(Missense VUS in TCTN2 gene for 

Joubert syndrome Type 24)

Variant reclassified as likely 
pathogenic

Molar tooth 
sign on MRI 

Brain 

Patient presented as chronic kidney failure secondary to 
steroid-resistant nephrotic syndrome (SRNS)

Targeted exome sequencing reported as 
normal in 2018

Reanalysis of data done in 2022 revealed pathogenic 
variant in DAAM2 gene

DAAM2 gene was first reported to be associated 
with SRNS in 2020

A B



Clinical features Variant identi-
fied

Disease suspected Reverse phenotyping

Clinical and radiological features 
consistent with Mucopolysaccha-
ridosis

VUS in IDS (iduro-
nate-2-sulpha-
tase) gene

Hunter syndrome 
(Mucopolysaccha-
ridosis Type II)

Iduronate 2-sulfatase (IDS) enzyme 
assay in white blood cells from periph-
eral blood, fibroblasts, or plasma (IDS 
enzyme level will be low with normal 
activity of at least one other sulfatase).

Clinical findings consistent with 
limb girdle muscular dystrophy 
(LGMD) and raised serum cre-
atine kinase(CPK)

VUS in CAPN3 
(calpain 3)gene

Calpainopathy (LG-
MDD4/ LGMDR1)

Muscle biopsy and immunoblot 
analysis for documenting reduction or 
absence of calpain 3 protein 
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Examples of reverse phenotypingTable 1

Dr. Alka Venkatesh Ekbote, our very own clinical genetics expert, passed away in the early hours of 30th 
May 2022 due to a road accident. She had done her MBBS from Kasturba Medical College, Manipal and 
MD Pediatrics from Surat Medical College. She did her Clinical Genetics Fellowship from Christian Medical 
College and Hospital, Vellore. She also did Fellowship in Immunogenetics from Vancouver General Hospital, 
Vancouver.  She was practicing at Kamalnayan Bajaj Hospital in Aurangabad, Maharashtra, India.

Her colleagues fondly remember her as a dynamic, jovial, and optimistic personality. Her caring spirit and 
generous heart could be felt by anyone she came in contact with. She was an example to so many and a 
shining light to all who knew her. She was an empathetic geneticist and always cared for her patients. She 
will be missed more than any words could express and will be forever in our hearts.

She is survived by her husband, Dr Venkatesh Ekbote, haematologist at Aurangabad and two children.Please 
go to this link http://iamg.in/genetic_clinics/Reflections.pdf to read the reminiscences penned by some of Dr 
Alka’s colleagues and close friends. 

(12 July 1975-30 May 2022)

OBITUARY
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NIPT for significant dominant single 
gene disorders (Mohan et al., 2022)

This is the largest cohort study in clinical 
practice, which aimed to assess the performance 
of NIPT in 2208 women with singleton pregnancies, 
using a next generation sequencing (NGS) – based 
panel of 30 genes causing 25 clinically significant 
dominant single-gene disorders (SGDs). Sampling 
was done around 9 weeks of gestation. Only 
pathogenic and likely pathogenic variants based 
on the American College of Medical Genetics and 
Genomics (ACMG) guidelines were reported. A 
total of 125/2208 women (5.7%) screened positive. 
Of these, 104 pathogenic, 21 likely pathogenic and 
15/125 novel variants were observed. No false 
positive results were found. The authors concluded 
that NIPT could assist in the early detection of a 
set of SGDs, particularly when either abnormal 
ultrasound findings or a family history was present. 
Despite its high degree of certainty, the authors did 
not regard NIPT-SGD as diagnostic and advocated 
confirmatory testing.    

Cell-based NIPT following PGT-M (Toft 
et al., 2021)

This study assessed the use of cell-based non-
invasive prenatal testing (cbNIPT) as an alternative 
to chorionic villus sampling (CVS) following 
preimplantation genetic testing for monogenic 
disorders (PGT-M). Eight patients were referred 
for PGT-M. Patients who opted for follow-up of 
PGT-M by CVS, had maternal blood sampled on 
the day of the CVS procedure, at 10-13 weeks 
of gestation. From this blood, potential fetal 
extra villus trophoblast cells were isolated and 
genetically tested by short tandem repeats (STR) 
marker analysis and direct mutation detection. Of 
the 24 fetal cell samples tested, 20 cell samples 
had an unaffected test result while four cells had 
a conditionally unaffected test result. All fetal cell 
samples had a genetic profile identical to that of 
the transferred embryo confirming a pregnancy 

with an unaffected fetus and verifying the PGT-M 
results. The cbNIPT results correlated with the CVS 
analysis in all cases. These findings showed that 
cbNIPT could be a promising alternative to CVS. 

Genome wide NIPS for balanced 
translocation carriers (Flowers et al., 
2020)

This study done in Australia aimed to determine 
if genome-wide cell-free DNA based non-invasive 
prenatal screening (gw-NIPS) could provide an 
alternative to prenatal diagnosis for carriers of 
balanced reciprocal chromosomal rearrangements. 
The study was done on 42 singleton pregnancies 
of 39 women, where one parent carried a balanced 
reciprocal translocation confirmed by karyotype. The 
cfDNA was analysed for sub-chromosomal changes 
associated with known parental translocations using 
WISECONDOR algorithm which assesses shallow 
genome-wide sequencing to detect imbalances of 
10–20Mb. 

Forty samples out of 42 (95%) pregnancies 
undergoing gw-NIPS returned an informative result. 
Seven out of the 40 pregnancies (17.5%) were high risk 
for an unbalanced translocation, which was confirmed 
after diagnostic prenatal testing. The remaining 33 
informative pregnancies had low risk. 

The sensitivity and specificity of gw-NIPS was 100% 
with no false positives or false negatives. The authors 
concluded that gw-NIPS was a potential option for 
most reciprocal translocation carriers and could be 
an alternative to prenatal diagnosis for couples who 
have undergone PGT-for structural rearrangements 
(PGT-SR).

NIPS for fetal CNVs (Wang et al., 2021))

The aim of this study was to evaluate the 
effectiveness of NIPS for detection of fetal 
pathogenic copy number variants (CNVs). In the 
prospective approach, they evaluated 24,613 
pregnant women who underwent NIPS (low 
pass genome sequencing), 124 (0.50%) of whom 



screened positive for fetal CNVs. Of these 124 
women, 66 underwent prenatal diagnosis by CMA 
and 13 had true-positive results, giving a positive 
predictive value (PPV) of 19.7%. 

Retrospectively, they also evaluated 47 women 
with 51 fetal pathogenic CNVs ranging in size 
from 0.5 to 26.5 Mb already detected by CMA 
and performed NIPS for them. Retesting with 
NIPS indicated that 24 of these 47 cases could be 
detected by NIPS, representing a detection rate 
(DR) of 51.1%. The authors acknowledged that the 
PPV and DR of their study was significantly lower 
than other clinical studies. Follow-up molecular 
prenatal diagnosis was strongly recommended in 
cases where NIPS suggests fetal CNVs.

International Society for Prenatal 
Diagnosis updated position statement 
on the use of genome wide sequencing 
for prenatal diagnosis (Van den Veyver 
et al., 2022)

This replaces the first position statement 
published in 2018 with updated information on 
the technologies, experience, and recommended 
practices. Genome wide DNA sequencing includes 
prenatal exome (pES), prenatal genome (pGS), 
clinical exome sequencing, and phenotype driven 
gene panels. The authors have listed the clinical 
indications for the use of genome wide sequencing 
for prenatal diagnosis. Diagnostic sequencing for 
fetal indications is best done as a trio analysis, 
where fetal and both parental samples are 
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sequenced and analyzed together, with separate 
informed consents from both parents. Currently 
no consensus for reporting of secondary findings is 
available.Reporting is best focused on pathogenic 
and likely pathogenic variants in genes that are 
relevant to the fetal phenotype. Thorough pre test 
counselling and informed consent must address 
types of results possible, realistic expectations 
about the chance of finding a clinically significant 
result, timeframe for expecting a result, and 
possibility that no result is obtained. 
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Who does not know Gregor Mendel, the Austrian 
Monk of the 19th century? Every day when we look 
at patients with monogenic disorders and discuss 
risks of recurrence, we see Mendel’s principles of 
heredity being followed. As medical geneticists 
we read, write and talk about Mendelian genetics 
every day without remembering his pea plants. 
Mendel is in our genes, but this year is the year to 
remember him, the scientist in him and his massive 
experiments with pea plants, about 28,000 in 
numbers! No wonder his ratios came close to the 
reality. When he reported his observations in 1865, 
the scientific community ignored it. By 1900, the 
interest in Mendelian principles appeared, and the 
20th century saw the establishment of Mendelian 
genetics. Statisticians and scientists doubted 
Mendel’s observations and criticized that they were 
too good to be true. But the interpretation and 
conclusions were right. Mendelian principles have 
been used in genetic counselling even before the 
revolution of genetic engineering. 

The non-Mendelian modes of inheritance were 
observed and later, appropriately explained by 
genetic mechanisms. The occasional cases of non-
penetrance in dominantly inherited disorders and 
manifesting carriers of recessive disorders made us 
realise that monogenic vs oligogenic and dominant 
vs recessive are not watertight compartments 
but are the ends of a continuous spectrum. With 
the currently available powerful genomic tools, 
explanations will become available to many 
unanswered questions related to aberrations 
observed in some cases of Mendelian disorders. 
Genomic medicine of the twenty-first century 
is working to understand how DNA sequence 
differences translate into clinical phenotypes. The 
new insights into translation of genetic variants 
into biochemical, cellular, and clinical phenotypes 
may modify the inheritance patterns for genetic 
counselling (Zschocke et al., 2022).

Gregor Johann Mendel, the ‘father of modern 
genetics’, was born 200 years ago, on 20 July 1822. 
This year the genetics community is celebrating 
his birth bicentenary in various ways including 
Nasmyth (2022) revisiting Mendel’s famous study 
‘Experiments in plant hybridization’. The events 

include a great scientific birthday party to pay 
tribute to the ‘Father of Genetics’ in Brno, Czech 
Republic (https://gregormendel200.org/calendar/). 
Another interesting activity is to study the genome 
of the genius by studying DNA samples obtained 
from the remains found in his tomb. Masaryk 
University is involved in the archaeological research 
of the Augustinian tomb at the Central Cemetery in 
Brno, and subsequent anthropological and genetic 
analysis of the findings (https://www.em.muni.cz/
en/science/14588-researchers-from-mu-examine-
genes-of-g-j-mendel).

We also pay our respect to the great scientist!
                       We salute Mendel.
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A breezy summer morning, a routine day with 
chiming OPD bells, ever attentive attendants calling 
out patients’ names and patients awaiting their turn to 
enter the OPD chambers. As we were going through 
our daily routine, a middle-aged couple walked in with 
their pretty 7-year-old girl and a portly 20-year-old boy. 
The couple were married for the past 22 years and had 
their first son, 1 and half years into marriage.  As their 
son became 6 months old, he started throwing seizures. 
Ever since, the couple had been roaming from pillar 
to post; from homoeopathy to Ayurvedic to allopathic 
medicine, they had tried it all. The final diagnosis was 
eventually unravelled at our institute when their son 
turned 3 years of age. He was diagnosed to have 
glycogen storage disorder (GSD) type III through a liver 
biopsy. Days passed with the family trying everything 
on earth towards making sure that their son had a 
normal life. During this roller coaster ride, the couple 
had gone through four terminations of pregnancies as 
they were too overwhelmed to welcome a new-born. 
Days passed into months and months into years and 
the couple had finally made a call towards extending 
their family when their son entered his teens.A tiny 
little angel entered their family, and their happiness 
knew no bounds. Unfortunately, fate does not care 
about anyone’s plans. At 6 years of age, the little girl 
suffered from loss of weight and during workup was 
found to have autoimmune thyroiditis and type I 
diabetes mellitus. Balancing the two disorders of sugar 
homeostasis in two kids, monogenic hypoglycemia 
in one child and multifactorial hyperglycemia in 
another was indeed challenging and left the couple 
totally shattered.  But still, they did not lose hope 
and they had decided to fight it out. They did genetic 
testing of their son which confirmed the diagnosis 
of GSD III. The  treatment options were re-discussed 
with stress on the need of adhering strictly to the 
treatment for good outcome. The children are being 
managed carefully, doing well and the family is happy 
and well-adjusted now. Twenty-five percent risk of 
recurrence of glycogen storage disorder in the next 
offspring was briefly mentioned with the background 
thought that they seemed to have completed the 
family, the eldest son being twenty years old, doing 
relatively well and preparing for his medical entrance 
exams. They were further counselled that no genetic 

testing is recommended in the second child as it is 
a multifactorial disease.As a part of a concluding 
clockwork note, we had asked the couple if they had 
any further queries for which we got a reply from the 
father in a very hesitant manner about his desire to 
extend his family.In fact, the couple had come to the 
genetics department solely for this reason.They were 
worried about the possibility of recurrence of both 
the disorders. A detailed discussion about the risk of 
recurrence of monogenic glycogen storage disorder 
and multifactorial diabetes mellitus followed.

Referrals for genetic counselling for multifactorial 
diseases like neural tube defects are common but 
uncommon for disorders like schizophrenia, diabetes, 
celiac disease, etc. We pay little less attention to the 
issue of recurrence for multifactorial disorders as 
compared to the monogenic disorders. Prenatal 
diagnosis for these multifactorial diseases is not 
possible. But for the family, each disease matters and 
it does not depend on the number of genes in the 
etiology or the figure of recurrence. They had come 
with the hope of ensuring that the next child would be 
a healthy individual who would eventually take on the 
responsibility of looking after his/her elder siblings. 
After detailed counselling, this family understood that 
prenatal diagnosis for glycogen storage disorder will 
be possible but not for diabetes mellitus for which the 
risk of recurrence is also relatively low. 

Following this session,they were also given an 
option of screening for common genetic disorders. 
There was a prompt and swift response from the 
couple and during the next OPD visit, they had 
diligently followed all the instructions and had arrived 
with all the necessary reports. The interaction with the 
family was pleasant and an enriching experience in 
genetic counselling and emphasized that age is just an 
issue of mind over matter and desires have no fixed 
timelines. Good communication from both sides is the 
key to successful genetic counselling.This was indeed 
an eye opener for us and taught us the importance 
of discussing the reproductive options in all cases 
despite the number of children in the family and age 
of the parents and children, and address the risk of 
recurrence for multifactorial disorders. Hence,we 
decided to pen it down.......
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