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Putting Together the Pieces of the Genome Puzzle:
Steps towards a Clear Picture

Editorial

DNA is the basic molecule and genetics is the
basic science for biology and medicine. This truth
is getting wider acceptance by the medical com-
munity as nowadays any disease of any system,
monogenic to multifactorial and infectious disease
to cancers, needs a molecular diagnosis. Cancer
genetics and prenatal diagnosis can be consid-
ered to be instrumental in popularizing genetics
amongst clinicians. The article on cancer genet-
ics in this issue illustrates the extensive use of
cytogenetic and molecular genetic techniques in
cancer diagnostics, prognostication and treatment.
The fetal medicine conference held in Kolkota on
9th to 11th September 2016 also proved that the
importance of genetic testing is accepted by clin-
icians. The Fetal medicine specialty takes care of
birth defects and genetic disorders where genetic
diagnosis is of prime importance. The scientific
program of the FetalMed2016 had given a stress on
genetic diagnosis and all fetal medicine specialists
appeared enthusiastic towards the need of better
understanding of the genetic aspects of birth de-
fects and principles of genetic techniques so that
genetic testing can be appropriately used for the
benefit of evaluation of fetal anomalies and pro-
viding genetic counseling and prenatal diagnosis to
the families.

Genomic techniques which can analyze the
whole genome in one go have made genetic test-
ing easier and the techniques of microarray and
exome/genome sequencing are being applied in
clinical situations more and more frequently. It
has become practically the first tier test for most
of the genetic disorders as illustrated in the article
on exome sequencing for neurogenetic disorders
in this article. The cost of this latest technological
marvel is within the reach of many families and
the costs are likely to come down further. The
GenExpress in this issue covers some interest-
ing issues about next generation sequencing in
medicine. The article about the ExAC database in
GenExpress highlights the importance of knowing
the significance of each nucleotide in the genome,
so that the exome sequencing data can be ana-
lyzed in a more meaningful manner and with a
greater degree of confidence. As more and more

exomes are sequenced, more andmore data about
pathogenic and polymorphic sequence variations
is getting accumulated and these comprehensive
databases will ease the challenging task of genome
/ exome analysis to some extent. The other article
on the use of next generation sequencing for the
diagnosis of genetic metabolic disorders is also a
guiding star for all clinicians especially neonatol-
ogists struggling to reach an etiological diagnosis.
As is shown in the article by Tarailo- Graovac et
al., the diagnosis of a disorder where a therapeutic
intervention is possible is a golden opportunity of
translating research to patient care which is what
everyone dreams of. The use of next generation
sequencing is also of tremendous use in identifying
variant clinical presentations, mild forms or late
onset variants of genetic metabolic disorders as
clinical suspicion in such clinical situations is very,
very difficult.

The whole objective of diagnosis is finding a
path towards curative treatment. Understanding
the pathogenesis is the first step towards research
for treatment. The other form of treatment is
correction of the basic genetic defect by gene
therapy which is still elusive to genetic scientists.
Now CRISPR technology is showing a great hope for
gene therapy. So at this juncture of the twenty first
century, when the clinicians are gradually getting
prepared for molecular medicine, the scientific
community is putting together some more pieces
of the extremely complex puzzle of human phys-
iology and pathology using genomic techniques.
Though a complete understanding of basic biology
appears too complex, additional information will
show a clearer picture of some parts of the puzzle
and medicine will definitely take some big leaps
in the next decade or two. Genetic Clinics contin-
ues to bring the brilliant and clinically applicable
advancements to the readers in simple language.
Enjoy the marvels of genetics!

Dr. Shubha R Phadke
1st October, 2016
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Leri-Weill Dyschondrosteosis Caused by SHOX Gene Deletion:
A Case Report

Bharti Singh and Shubha R Phadke
Department of Medical Genetics, Sanjay Gandhi Postgraduate Institute of Medical Sciences, Lucknow

Email: shubharaophadke@gmail.com

Abstract

Leri-Weill dyschondrosteosis is a dominantly inher-
ited skeletal dysplasia characterized by the classic
triad of short stature, mesomelia and Madelung
wrist deformity, which is caused by mutation in
the SHOX gene. We report the case of a 14 years
old girl with short stature and forearm deformity,
with radiographic evidence of bilateral bowing of
the radius and Madelung deformity. Multiplex
Ligation Probe Amplification (MLPA) with the probe
set for subtelomeric deletions showed deletion of
the SHOX gene. The patient’s mother also had
short stature with limb shortening with predom-
inant involvement of the mesomelic segments.
The association of short stature with typical X ray
abnormalities with SHOX deletion suggested the
diagnosis of Leri Weill dyschondrosteosis. We rec-
ommend careful clinical and radiological evaluation
and use of MLPA in the diagnostic work up of girls
with short stature if the karyotype is found to be
normal.

Introduction

Leri-Weill dyschondrosteosis (LWD, OMIM
#127300) is a dominantly inherited skeletal dys-
plasia characterized by the classic triad of short
stature, mesomelia and Madelung wrist deformity.
The causative gene, the SHOX gene, is present in
the pseudoautosomal region of the X chromosome
and the SHOX(Y) gene is present in the pseudoau-
tosomal region on the Y chromosome. Thus, there
are 2 copies of the gene in both males and females.
The disorder is usually more severe in females.
The mesomelia, i.e. shortening of the middle
segment of limbs in relation to the proximal seg-
ment, can be evident first in school-aged children
and increases in severity with age. The Madelung

deformity (abnormal alignment of the radius, ulna,
and carpal bones at the wrist) develops in mid-to-
late childhood and is more common and severe in
females.

Most cases of Leri-Weill dyschondrosteosis re-
sult from mutation in the SHOX gene. The protein
produced from this gene plays a role in bone
development and is particularly important for the
growth and maturation of bones in the arms
and legs, by acting as a transcription factor and
regulating the activity of other genes.

Figure 1 Photograph of the patient with her
mother: both have short stature and
Madelung deformity of the forearm.

Genetic Clinics 2016 | October - December | Vol 9 | Issue 4 2
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Case report

This case, a 14 year old girl, visited the medical
genetics department with short stature and de-
formed forearm bones (Fig 1). She had attained
menarche. Her mother also had short stature.
Her birth history and developmental history were
normal.

Her height was 128 cm (3.5 S.D. below mean
for age and sex) with the ratio of upper to lower
segment being 1. Her weight was 27 kgs (3 S.D.
below mean for age and sex). The forearm bones
were deformed and lower ends of ulna were promi-
nent and showed projections dorsally and distally
giving a characteristic dinner-fork appearance. Her
intelligence was normal.

Radiographs of the upper limbs showed bowing
of the radius and Madelung deformity bilaterally.
The radii on both sides were bent and the distal
epiphyses of the radii were triangular. The carpals
had a characteristic pyramidal configuration with
the lunate bone forming the tip of the pyramid.
The medial parts of the lower ends of radii showed
lucent areas (Fig 2).

Figure 2 X ray of the upper limb showing bi-
lateral bowing of the radius, Madelung
deformity, triangular distal epiphyses
of the radii, pyramidal configuration of
the carpals with the lunate forming the
tip of the pyramid, and lucent areas in
medial parts of lower ends of radii.

Her routine hematological and biochemical
investigations including serum calcium and phos-
phorus were normal. Her karyotype was 46, XX.
Multiplex Ligation Probe Amplification (MLPA) us-
ing the probe set for subtelomeric regions (P036,
MRC-Holland; https://www.mlpa.com/) was car-
ried out which showed deletion of the SHOX gene
in the patient (Fig 3). This confirmed the diagnosis
of Leri Weill dyschondrosteosis.

Figure 3 MLPA showing deletion of the SHOX
gene.

Her mother also had short stature with limb
shortening with predominant involvement of the
mesomelic segments, but radiological and genetic
evaluation could not be done for her.

Discussion

The girl in this report had characteristic clinical and
radiological features of Leri-Weill dyschondrosteo-
sis.

Seventy to 90% of cases of Leri-Weill dyschon-
drosteosis are caused by haploinsufficiency of the
SHOX gene, with deletions accounting for 80% of
them. Gene deletions of different sizes encompass-
ing the gene itself or a regulatory enhancer region
which is located 50-250 kb downstream of the cod-
ing region are reported. Missense and nonsense
mutations, mostly located within exons 3 and 4 and
also partial duplications of the gene, or heterozy-
gous deletions upstream or downstream of the
intact SHOX gene involving conserved non-coding
cis-regulatory DNA elements that have enhancer
activity are causative in the rest (Sabherwal et al.,
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2007; Bunyan et al., 2015).
The diagnosis in this case was confirmed by

MLPA which is a reliable, easy and less expensive
technique. Point mutations in the SHOX gene
account for some cases and need sequencing of
the gene which has 6 exons (Funari et al., 2010).

SHOX deficiency leads to short stature with
variable phenotypes with the main characteristics
of mesomelic shortening of the limbs. Madelung
deformity of the forearm develops over time and
appears during the second decade of life in a
proportion of cases (Choi et al., 2015). There can
be great intrafamilial variability of the phenotypes
as reported by Gatta et al. (2014). SHOX mutations
are also detected in about 15% of cases with
isolated short stature without any other features of
Leri-Weill dyschondrosteosis and need to be tested
even if there are no clinical clues (Rosilio et al.,
2012). Careful evaluation of the wrist radiographs
is a must, as the typical radiographic findings of
the wrist provide an important clue to the diag-
nosis. Presence of muscular hypertrophy, cubital
valgus, short neck, increased body mass index and
decreased arm span height ratio are some further
clues to the diagnosis (Rappold et al., 2007).

SHOX haploinsufficiency is an FDA approved
indication for growth hormone therapy. How-
ever, some studies have shown limited utility of
growth hormone therapy in patients with SHOX
mutations. In contrast to many other growth
disorders like growth hormone deficiency or even
idiopathic short stature, in SHOX deficiency fe-
males outnumber males. Ascertainment bias can
be one explanation as more severe phenotype is
seen in females. However, female predominance
was also observed in SHOX mutation screening
studies where the only phenotype targeted was
short stature. Therefore, ascertainment bias alone
cannot explain gender variation in this disorder.
Another explanation for this can be the fact that
SHOX on the X chromosome is more prone to get-
ting deleted than the SHOX on the Y chromosome
(Binder et al., 2011).

SHOX deficiency disorders are inherited in a
dominant manner, even when the gene is present
on the sex chromosome. The gene is situated on
the pseudoautosomal region and hence, it is one
of the 15% genes on X chromosome which escape
lyonization. The homozygotes with mutations on
both the copies of the gene are more severely
affected and the disorder is known as Langer

mesomelia. An individual with Leri-Weill dyschon-
drosteosis has a 50% chance of transmitting the
pathogenic variant to the offspring and genetic
counseling should be offered.

Conclusion

Leri-Weill syndrome (LWS) is an uncommon genetic
disorder caused by deletions or mutations in the
SHOX gene or by deletions downstream of the
SHOX gene in most of the cases. Identification
of the short stature homeobox-containing gene
(SHOX ) deficiency in children, mainly females with
growth problems, is vital for appropriate initiation
of growth hormone therapy. SHOX gene evaluation
by MLPA should be included in the diagnostic work
up of girls with short stature if the karyotype is
found to be normal.
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Clinical Cytogenetics in the Diagnosis and Prognosis of
Leukemias

Krishna Reddy CH and Ashwin Dalal
Diagnostics Division, Centre for DNA Fingerprinting and Diagnostics, Hyderabad

Email: krishnareddy.chr@gmail.com

Introduction

Leukemias are a group of disorders characterized
by accumulation of malignant white cells in the
bone marrow and blood. They are neoplastic,
clonal disorders of the hematopoietic stem cells.
They can be broadly classified as acute and chronic
leukemias. The term acute, historically referring
to a rapid onset and usually fatal outcome, indi-
cates the relatively undifferentiated nature of the
leukemic cells. Acute leukemias usually present
with bleeding manifestations, severe anemia and
severe infections, where as many patients with
chronic leukemias are asymptomatic or present
with splenomegaly, fever, weight loss, malaise,
frequent infections, bleeding, thrombosis, or lym-
phadenopathy. Based on the cell of origin they are
classified as myeloid and lymphoid leukemias. In
the WHO classification, the term Myeloid includes
all cells belonging to the granulocytic ”neutrophil,
eosinophil, basophil), monocytic/macrophage, ery-
throid, megakaryocytic and mast cell lineages
”Vardiman et al., 2009).

The overall annual incidence of these disorders
in the general population is about 4 per 100,000
with approximately 70% of them being acute
myeloid leukemia ”AML). AML accounts for about
15% of childhood leukemias and for approximately
80% to 90% of acute leukemias in adults, with the
median age at diagnosis of about 70 years. Acute
lymphoblastic leukemia ”ALL) is primarily a child-
hood disease, with the peak incidence between the
ages of 2 to 3 years. Chronic leukemias predom-
inantly occur in adults, the common ones being
chronic myeloid leukemia comprising of 40% of all
leukemias followed by chronic lymphoid leukemia.

Classification

Leukemias are broadly classified into myeloid or
lymphoid, based on their cell of origin. Leukemias

traditionally have been designated as acute or
chronic, based on the percentage of blast cells and
the course of the disease. According to the recently
proposed classification system the blast cell count
required to classify as acute leukemia is more than
20% either in bone marrow or peripheral blood,
and does not require any minimum blast cell per-
centage when certain morphologic and cytogenetic
features are present.

There have been several changes in the classifi-
cation of the leukemias over the last few decades.
Two widely used classification systems include:
one devised by a group of French, American, British
”FAB) hematologists and the other by the World
Health Organization ”WHO). The traditional classifi-
cation of acute leukemia used criteria proposed by
the French– American–British Cooperative Group
”FAB), using the 30% bone marrow blast cell cutoff.
This classification system originally distinguished
different leukemia types by morphologic features
and cytochemical studies ”Hamid et al., 2011).
The recent WHO 2008 classification takes 20%
bone marrow blast cell cutoff and includes all
the features like morphology, cytochemistry, im-
munophenotype and genetics ”Vardiman et al.,
2009; Yin et al., 2010) ”Table-1 & Table-2).

Genetic Abnormalities in leukemias

Cytogenetic abnormalities seen in leukemias are
mainly translocations, deletions, ploidy changes
and mutations in specific genes. They differ
based on the type of leukemia and are useful in
classification and prognosis of the leukemia.• Acute Myeloid Leukemia: Acute myeloid
leukemia ”AML) is a tumor of hematopoietic pro-
genitors caused by acquired oncogenic mutations
that impede differentiation, leading to the accumu-
lation of immature myeloid blasts in the marrow.
It is the common form of acute leukemia in adults
and accounts for 25% of all leukemias diagnosed

Genetic Clinics 2016 | October - December | Vol 9 | Issue 4 5
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Table 1 WHO 2008 classification of Acute Myeloid Leukemia and related neoplasms.

• Acute myeloid leukemia with recurrent genetic abnormalities
– AML with t”8;21)”q22;q22); RUNX1-RUNX1T1
– AML with inv”16)”p13.1q22) or t”16;16)”p13.1;q22); CBFB-MYH11
– APL with t”15;17)”q22;q12); PML-RARA
– AML with t”9;11)”p22;q23); MLLT3-MLL
– AML with t”6;9)”p23;q34); DEK-NUP214
– AML with inv”3)”q21q26.2) or t”3;3)”q21;q26.2); RPN1-EVI1
– AML ”megakaryoblastic) with t”1;22)”p13;q13); RBM15-MKL1
– Provisional entity: AML with mutated NPM1
– Provisional entity: AML with mutated CEBPA• Acute myeloid leukemia with myelodysplasia-related changes• Therapy-related myeloid neoplasms• Acute myeloid leukemia, not otherwise specified
– AML with minimal differentiation
– AML without maturation
– AML with maturation
– Acute myelomonocytic leukemia
– Acute monoblastic/monocytic leukemia
– Acute erythroid leukemia
– Acute megakaryoblastic leukemia
– Acute basophilic leukemia
– Acute panmyelosis with myelofibrosis• Myeloid sarcoma• Myeloid proliferations related to Down syndrome• Blastic plasmacytoid dendritic cell neoplasm

in adults, and is increasingly common with age.
Cytogenetic analyses and molecular analyses are
currently used to risk-stratify AML. Cytogenetic
abnormalities can be detected in approximately
50% to 60% of newly diagnosed AML ”Kumar et al.,
2011).

Genetic abnormalities seen in AML are:• Structural rearrangements

– Balanced chromosomal translocations,
particularly t”8;21), inv”16), and t”15;17).

– Translocations involving 3q21 and 3q26
and t”1;7)• Gain or loss of whole or part of chromosome

– -7/del”7q), -5/del”5q), +8, +9, +11, del
”11q), del”12p), -18, +19, del”20q) +21,• Mutations involving FLT3, KIT, NPM1, CEPBA

genes.

The t”8;21) is more frequent in the young and is
rare beyond the age of 50 years. The translocation
results in the generation on the derivative chromo-
some 8 of a consistent hybrid gene, ETOAML- 1
that encodes a novel message for haematopoietic
cell proliferation ”Rueda et al., 2004).

Most common chromosomal abnormalities
t”8;21) and inv”16), disrupt the CBF1 and CBF1
genes, respectively. These two genes encode
polypeptides that bind one another to form

Genetic Clinics 2016 | October - December | Vol 9 | Issue 4 6



GeNeViSTA

Table 2 WHO 2008 classification of Acute Lymphoid Leukemia.

• B lymphoblastic leukemia/lymphoma
– B lymphoblastic leukemia/lymphoma, NOS
– B lymphoblastic leukemia/lymphoma with recurrent genetic abnormalities

* B lymphoblastic leukemia/lymphoma with t”9;22)”q34;q11.2);BCR-ABL 1
* B lymphoblastic leukemia/lymphoma with t”v;11q23);MLL rearranged
* B lymphoblastic leukemia/lymphoma with t”12;21)”p13;q22) TEL-AML1 (ETV6-RUNX1)
* B lymphoblastic leukemia/lymphoma with hyperdiploidy
* B lymphoblastic leukemia/lymphoma with hypodiploidy
* B lymphoblastic leukemia/lymphoma with t”5;14)”q31;q32) IL3-IGH
* B lymphoblastic leukemia/lymphoma with t”1;19)”q23;p13.3);TCF3-PBX1• T lymphoblastic leukemia/lymphoma

a CBF1 /CBF1 transcription factor that is re-
quired for normal hematopoiesis. The t”8;21)
and the inv”16) create chimeric genes encoding
fusion proteins that interfere with the function of
CBF1 /CBF1 and block the maturation of myeloid
cells.

Figure 1 Fluorescent In Situ Hybridization show-
ing the translocation in a patient with
Acute Promyelocytic leukaemia. The cell
shows 2 fusion signals and 1 indepen-
dent red and 1 independent green signal
”Vysis Dual color dual fusion probe).

The t”15;17) translocation is found in approxi-
mately 95% of ”Acute Promyelocytic leukemia) APLs,

a specific subtype of AML ”Figure 1). The t”15;17)
translocation is always associated with APL and
leads to the expression of PML-RAR onco-fusion
gene in hematopoietic myeloid cells. The PML-
RAR onco-fusion protein acts as a transcriptional
repressor that interferes with gene expression pro-
grams involved in differentiation, apoptosis, and
self-renewal. Generally, patients with APL t”15;17)
phenotype represent a unique group characterized
by distinct biological features and good prognosis,
particularly when all-trans retinoic acid ”ATRA) is
used as part of remission induction ”Kumar et al.,
2011).

Among the mutated genes FLT3 (ITD) is the most
common, seen in one third of AML cases. FLT3
is a receptor tyrosine kinase that is expressed
on hematopoietic progenitor cells and indicative
of poor prognosis. Other mutated genes are
NPM1, c-KIT, CEBPA. NPM mutations seen in 30%
of cases, it is a protein which normally acts as a
nucleocytoplasmic shuttling protein and regulates
the p53 pathway ”Verhaak et al., 2005; Stirewalt
et al., 2008). NPM1 mutations often coincide with
mutations in FLT3, particularly with the ITD-type
mutations. The NPM1 mutations in AML are associ-
ated frequently with normal karyotypes. The CEBPA
gene provides instructions for making a protein
called CCAAT/enhancer-binding protein alpha. This
protein is a transcription factor, which means that
it binds to specific regions of DNA and helps control
the activity of certain genes. It is believed to act
as a tumor suppressor, helping to prevent cells
from growing and dividing too rapidly or in an
uncontrolled way. CEBPA are detected in 15% of
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patients and associated with favorable response
to therapy ”Verhaak et al., 2005). Other molec-
ular markers, such as IDH1, IDH2, and DNMT3A
have been suggested to be predictive of risk and
response to treatment.• Acute Lymphoblastic Leukemia ”ALL): ALLs
are neoplasms composed of the immature T or
B cell, called lymphoblasts. ALL is a malignant
clonal proliferation of lymphoid progenitor cells,
most commonly of the B-cell lineage ”B-ALL). In
the pediatric population, ALL accounts for 81% of
childhood leukemias; leukemia overall accounts for
one third of cancers diagnosed in children between
ages 0–14 years. Overall, T-ALL has a bad prognosis
when compared to B-ALL. Approximately 90% of
ALLs have numerical or structural chromosomal
changes.

Genetic abnormalities seen in B-ALL are:• Hyperdiploidy• Hypodiploidy• Balanced chromosomal translocations
t”12;21), t”1;19), t”9;22), t”4;11).

Figure 2 Karyotype of a patient with Acute
lymphoblastic leukaemia showing hy-
podiploidy for chromosome 10 and 18
and a marker chromosome.

High hyperdiploidy ”51–65 chromosomes) is one
of the most common cytogenetic abnormalities ob-
served in childhood B-ALL. It is seen in 25-30%
of total childhood B-ALL cases, with the highest
frequency in the 1 to 4 year age range. High hyper-
diploidy is characterized by a nonrandom gain of

chromosomes, including +X, +4, +6, +10, +14, +17,
+18, and +21. This diagnosis confers a good prog-
nosis in childhood B-ALL ”Woo et al., 2014; Ruth et
al., 2013). Approximately 20% of hyperdiploid ALL
have activating mutations in the receptor tyrosine
kinase FLT3. Hypodiploidy is characterized by fewer
than 46 chromosomes and is seen in 5-8% of total
B-ALL cases ”Figure 2). The majority of hypodiploid
B-ALL contain 45 chromosomes. The remainder
of hypodiploid cases is much rarer and includes
high-hypodiploid ”40–44 chromosomes).

The t”12;21) is the most common chromosomal
rearrangement in ALL. It occurs in 25% of children
with B-ALL and confers an excellent prognosis.
This translocation joins the TEL ”or ETV6) gene on
chromosome 12p with the AML1 ”or CBFA2) gene
on chromosome 21 and is associated with an
early pre-B immunophenotype, a younger child-
hood population, and non hyperdiploidy. The
ETV6-RUNX1 fusion protein is thought to disrupt
the normal expression of RUNX1-regulated genes
by converting RUNX1 to a transcriptional repressor.

The t”1;19)”q23;p13) translocation is found in
one fourth of patients with the pre-B immunophe-
notype. This translocation represents fusion of the
E2A and PBX1 genes on chromosomes 1 and 19,
respectively. The t”9;22)”q32;q11), or Philadelphia
”Ph) chromosome, is present in 20 to 30% of adults
and 1 to 5% of children with ALL at the cytogenetic
level and is associated with older age, higher leuko-
cyte count, and more frequent CNS involvement at
the time of diagnosis ”Woo et al., 2014; Ruth et al.,
2013).

MLL ”mixed-lineage-leukemia) gene rearrange-
ments at 11q23 are present in 80% of all infant
B-ALL cases and 10% of all childhood B-ALL.
The most common gene rearrangements include
t”4;11)”q21;q23) encoding MLL-AF4, t”9;11)”p22;q23)
encoding MLL-AF9, t”11;19)”q23;p13.3) encoding
MLL-ENL, t”10;11)”p13-14;q14-21) encoding MLL-
AF10 and t”6;11)”q27;q23) encoding MLL-AF6 ”Woo
et al., 2014; Ruth et al., 2013). The t”4;11)”q21;q23)
is also associated with high-risk features, most
notably a high WBC count and age of onset < 1
year ”Hamerschlak et al., 2008).

Conventional karyotyping identifies structural
chromosomal aberrations in 50% of T-ALL. Numer-
ical changes are rare, except for tetraploidy which
is seen in approximately 5% of cases. The com-
mon abnormalities involve the rearrangements
involving T-cell receptor genes like deregulation of
homeobox genes TLX1 ”HOX11) t”10;14)”q24;q11),
TLX3 ”HOX11L2) t”5;14)”q35;q32), and TAL1
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”SCL,TCL5) t”1;14)”p32;q11), t”1;14)”p34;q11) and
t”1;7)”p32;q34); deregulation of MYB gene-
duplication t”6;7)”q23;q34); and fusion gene
rearrangements like PICALM-MLLT10 ”CALM-AF10)
t”10;11)”p13;q14) and MLL-fusions. Favorable prog-
nosis is associated with subtypes HOX11 or MLL-ENL
”Ruth et al., 2013; Hamerschlak et al., 2008).

Up to 70% of T-ALLs have gain-of-function mu-
tations in NOTCH1, a gene that is essential for
T-cell development. A high fraction of B-ALLs
have loss-of-function mutations in genes that are
required for B-cell such as PAX5, E2A and EBF.• Chronic Myeloid Leukemia ”CML): It is a
clonal stem cell disorder characterized by the
acquisition of an oncogenic BCR/ABL fusion pro-
tein, usually the result of a reciprocal translocation
t”9;22)”q34;q11) and by proliferation of granulocytic
elements at all stages of differentiation. The major-
ity of CML cases are in adults. The frequency of this
type of leukemia is 1 per 1 million children up to
the age of 10 years. Among adults, the frequency
is around 1 in 100,000 individuals ”Hamerschlak et
al., 2008). CML can be divided into three clinically
distinct phases: an initial chronic phase followed
by an accelerated phase which subsequently leads
to blast crisis.

Figure 3 Karyotype of a patient with Chronic
myeloid leukaemia showing t”9;22)
”Philadelphia translocation).

The t”9;22) translocation leads to derivative
chromosome 22 also referred to as the Philadel-
phia chromosome ”Ph) ”Figures 3 and 4) seen in
95% of AML as well as in some acute lymphoblastic
leukemias ”ALL) ”Pokharel, 2012). The ABL gene

located on chromosome 9 is the human homo-
logue of the v-abl oncogene carried by the Abelson
murine leukemia virus and it encodes a nonrecep-
tor tyrosine kinase. Human Abl is a ubiquitously
expressed 145-kd protein with 2 isoforms arising
from alternative splicing of the first exon. The
activity of the c-Abl tyrosine kinase domain is regu-
lated by the SH3 and SH2 regions. The SH3 domain
is a negative regulator of c-Abl activity, as a dele-
tion mutant of this domain activates the kinase,
whereas the SH2 domain is a positive regulator.
The BCR gene ”Breakpoint cluster region) located
on chromosome 22 encodes a 160-kd Bcr protein
which, like Abl, is ubiquitously expressed. The first
N-terminal exon encodes a serine threonine kinase.
As a result of the t”9;22)”q34;q11) Bcr-Abl fusion,
the N-terminus of Bcr binds to the SH2 domain
of Abl in a phosphotyrosine independent manner,
constitutively activating the tyrosine kinase. This
oncoprotein is associated with enhanced expres-
sion of several major downstream effectors such as
Ras, phosphoinositide 3-kinase ”PI-3K) and protein
kinase B ”Deininger et al., 2000; Di Bacco et al.,
2000).

Figure 4 Fluorescent In Situ Hybridization show-
ing the t”9;22) translocation in a patient
with chronic myeloid leukaemia. The
left cell shows two green and two
red independent signals suggestive of
normal FISH for t”9;22)”bcr-abl) whereas
the right side cell shows 2 Fusion signals
”suggestive of presence of t”9;22)”bcr-
abl)) and 1 independent red and 1
independent green signal each.

Approximately 5% of cases appear to be Ph-
negative by conventional cytogenetics because
of the presence of a cryptic or submicroscopic
BCR-ABL rearrangement. These cases require FISH
and/or molecular RT-PCR testing for further evalu-
ation and documentation of a BCR-ABL transcript
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”Hsiao et al., 2011). Based on the breakpoint region
in BCR gene three transcripts are formed first,
the major breakpoint cluster region ”M-bcr) and
chimeric protein derived from this mRNA is 210-kd.
This is the most common breakpoint region. Sec-
ond, the minor breakpoint cluster region ”m-bcr)
and resultant mRNA is translated into a 190-kd
protein. Recently, a third breakpoint cluster region
”μ-bcr) was identified, giving rise to a 230-kd fusion
protein ”Deininger et al., 2000). Identification
of fusion transcript helps in targeted treatment
by tyrosine kinase inhibitors and in prognosis by
identifying minimal residual disease.

The p53 and Rb1 genes are most often im-
plicated in the transformation. Alterations in
the p53 and Rb1 genes occur in about 30% and
20% of blast crisis cases, respectively. Additional
clonal cytogenetic abnormalities, seen are trisomy
8, isochromosome 17q, or duplication of the Ph
chromosome. Recently, it has been observed that
in greater than 85% of cases, CML is associated
with the appearance of mutations that interfere
with the activity of Ikaros, a transcription factor
that regulates the differentiation of hematopoietic
progenitor.• Chronic Lymphocytic Leukemia: Chronic
lymphocytic leukemia ”CLL) is characterized by the
accumulation of mature appearing lymphocytes
in the blood, marrow, lymph nodes, and spleen.
They are characterized by the absolute lymphocyte
count >4000/mm3. Genetic abnormalities com-
monly encountered are deletions of 13q14.3, 11q,
and 17p, and trisomy 12q; translocations are rare.

The most frequent structural abnormality in
CLL is a deletion at 13q14. Approximately one
half of the abnormalities involves an interstitial
deletion and almost invariably is associated with
loss of the Rb gene. Translocations involving 13q
are found in the remaining one half of cases, and
most of these involve a breakpoint at 13q14, which
is the site of the Rb gene, with translocations from
a variety of other chromosomes. A deletion of
11q22–q23 which occurs in 20% of cases, is seen
in younger patients, and is associated with marked
lymphadenopathy, rapid disease progression, and
poor survival. Trisomy 12q13 occurs as a result
of duplication of one homolog and is seen in 10
to 20% of CLL patients. Trisomy 12 is frequently
associated with atypical CLL and CLL/PLL. A dele-
tion of 17p13 is usually associated with a mutation
of p53, and these patients usually have aggressive
and drug-resistant disease ”Puiggros et al., 2014).

Diagnostic Workup

Laboratory work up in diagnosis of leukemias
includes:• Morphological examination of peripheral

blood and bone marrow.• Cytochemistry• Immunophenotyping• Cytogenetic analysis• Molecular genetic studies
The diagnosis of a hematological neoplasm

usually starts from a clinical suspicion, although for
chronic leukemias the diagnosis is sometimes an
incidental one. A blood count and blood film is an
essential first step whenever leukemia, lymphoma
or other hematological neoplasm is suspected.
Diagnosis is based on peripheral smear and confir-
mation is done by bone marrow examination. The
next step in the diagnostic process depends on the
clinical features and the specific condition that is
suspected. With advances in immunophenotyping
and other techniques, the role of cytochemistry in
hematological diagnosis has declined considerably.
Further typing of leukemia into myeloid or lym-
phoid either B cell or T cell, requires the analysis of
antigen expression by immunophenotyping.

Cytogenetic and molecular genetic studies are
done for molecular classification of leukemia and
also to know the bad and good prognostic features,
which help in the treatment of the disease. Cytoge-
netic studies include karyotyping and Fluorescence
In-Situ Hybridization ”FISH) for detection of the
deletions and translocations. Molecular analysis
includes PCR, Real Time PCR and the mutational
analysis for detection of the fusion transcript and
mutation in specific genes. The major applications
of each technique are:• Applications of Immunophenotyping

– Diagnosis and classification
– Assessment of prognosis
– Monitoring of minimum residual disease
– To monitor effectiveness of treatment• Applications of Cytogenetic analysis

– Confirmation of diagnosis of specific
subtype

– Assessment of prognosis
– Assessment of clonality
– Detection of minimum residual disease• Applications of Molecular genetic studies
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– Diagnosis of specific subtype
– Early detection of minimum residual dis-

ease
– Assessment of prognosis
– Assessment of clonality

Prognostic Markers

Prognostic markers help in predicting the survival
of the patients and for planning the appropriate
treatment for the disease. The presence of favor-
able markers in a case means that the survival rate
of the patient for that particular disease is more
and unfavorable markers have less survival rates.
Some of the markers are classified as intermediate
markers based on their survival rate, which have
less clinical implication when compared to bad and
good markers and further evaluation is required
”Table-3). Genetic prognostic markers for the
chronic leukemias are not well established as in
the case of acute leukemias. The major prognostic
markers are:

Table 3 Prognostic genetic markers in
Leukemias.

Type of Favorable Unfavorable
Leukemia

ALL Hyperdiploidy Hypodiploidy
”>50) t”12;21) t”9;22)

t”4;11)
t”1;19)

AML t”8;21) -7/del”7q)
t”15;17) -5/del”5q)
inv”16) +8

+9
CLL del 13q del 17p

Trisomy 12 del 11q
CML Ph chromosome + Trisomy 8

del 22q

Conclusions

Leukemias are among the commonest cancers
worldwide. Their diagnosis depends mainly on
the morphology, cytochemistry and immunophe-
notyping, but cytogenetic and molecular studies

are essential for the molecular classification and
predicting the prognosis of the disease. Common
cytogenetic studies include karyotyping and FISH
for finding the translocations and deletions, and
molecular studies include PCR, Real Time PCR and
mutation analysis of the relevant genes. Hence, for
accurate early diagnosis and treatment, a stepwise
evaluation of the case with the suitable diagnostic
tests is employed for the favorable outcome.
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Introduction

Neurodevelopmental disorders affect around 3-5%
of the population. These are heterogeneous in
etiology and more be ttingly termed symptom
complexes . The various disorders presenting
with intellectual disability may be congenital or
acquired, sporadic or familial, syndromic or non-
syndromic. Severe neurodevelopmental disorders
are mostly genetic in origin and may be due to
a molecular defect at the chromosomal or single
gene level or due to epigenetic abnormalities. Till
date more than 450 genes have been implicated
in intellectual disability. One may wonder as to
what is the need for an etiological diagnosis when
majority of these cases cannot be cured. However,
diagnosis is a key element in the management of
the patient, for explaining the course and prog-
nosis, and for provision of appropriate care and
support system. It precludes subjecting the patient
to unnecessary and redundant tests and interven-
tions. It is essential for proper counseling of the
family regarding the recurrence risks and prenatal
diagnosis, and also for access to research treat-
ment protocols. The family s need to know has
an enormous emotional impact and cannot be ig-
nored. The elucidation of the underlying molecular
abnormalities is another important step towards
developing treatment strategies ”Willemsen et al.,
2014).

Diagnostic Approaches

Various diagnostic practice guidelines are available
for evaluation of patients with neurodevelopmental
disorders and consist of clinical evaluation, neu-
roimaging, metabolic pro le, cerebrospinal uid
examination and speci c genetic tests dictated by

the clinico-biochemical phenotype ”Michelson et
al., 2011; Moeschler et al., 2014). Cytogenetic
microarray which is now considered to be the rst
line test in the diagnosis of non-speci c intellectual
disability has a yield of 10-20%. This diagnostic
odyssey lasts many years and more than half of
the patients never receive an etiological diagnosis,
thereby adding to the pain and disappointment
besides the cost incurred by the family. In a survey
of patients with rare diseases it was found that for
25% of participants, the time to diagnosis was ex-
tensive, ranging from 5 to 30 years, and during that
time 40% received an incorrect diagnosis ”Sawyer
et al., 2016).

Whole Exome Sequencing and its Utility
in Neurodevelopmental Disorders

With the advent of whole exome sequencing ”WES),
there came a paradigm shift in the approach to the
diagnosis of rare diseases, with timely diagnosis
of genetic diseases and discovery of new disease-
causing genes. WES uses a high throughput
sequencing technique of next generation sequenc-
ing ”NGS) to sequence coding regions of all genes
in the human genome. This helps to identify
the causative gene/ mutation even if the clinical
evaluation and supportive investigations do not
provide any clue to the etiology and the causative
genetic defect. This approach is being used for
all genetic phenotypes with known or unknown
causative genes. The study by fletterer et al. ”2016)
on the use of WES on 3040 consecutive cases
gave a high diagnostic yield for patients who had
disorders involving hearing ”55%, N = 11), vision
”47%, N = 60), the skeletal muscle system ”40%, N
= 43), the skeletal system ”39%, N = 54), multiple
congenital anomalies ”36%, N = 729), skin ”32%, N
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= 31), the central nervous system ”31%, N = 1,082),
and the cardiovascular system ”28%, N = 54). Here,
we review the diagnostic yield of WES in neu-
rodevelopmental disorders. In cases of moderate
to severe neurodevelopmental disorders, different
studies have reported a diagnostic yield ranging
from 16-45% using WES ”de Ligt et al., 2012; Yang
et al, 2013; Yang et al., 2014; Sawyer et al., 2016).
WES out-performs conventional approaches in the
diagnosis of disorders with genetic heterogeneity
with phenotypic variability and poor speci city.
Besides its utility in the diagnosis of ultra-rare
conditions and novel gene discovery, it also has an
impact on expanding the phenotypic spectrum of
already known syndromes. Most importantly, WES
allows for re-assessment of data in the light of new
knowledge, thus providing additional diagnostic
results over years without signi cant extra costs.
WES is an effective approach in the evaluation of
cases with sporadic non-speci c ID using family
based strategy ”child-parents trios) with yields of
35-55% ”Willemsen et al., 2014). The use of WES
is not only restricted to identi cation of these de
novo variants but its emerging widespread use
in predominantly consanguineous populations has
led to the expansion of the repertoire of genes
causing autosomal recessive neurodevelopmental
disorders. flecently, a study in 121 consanguineous
families identi ed pathogenic variants in 68, out of
which a novel gene was implicated as causative in
30 ”fliazuddin et al., 2016). The diagnostic yield of
WES in cohorts with neurodevelopmental disorders
in various studies has been summarized in Table
1. While the effectiveness of WES in the diagnosis
of intellectual disability has been proven beyond
doubt, the optimal timing of when it should be
done is still debatable. Whether WES should be at
the rst appointment if clinically indicated or after
the initial tests are normal ”e.g. rst tier of genes
ruled out) or towards the end of the diagnostic
odyssey ”e.g. after extensive, possibly invasive
tests have occurred), needs to be evaluated. The
newer school advocating use of WES as a rst-tier
test have undertaken some studies using genomic
tools ”WES alone or with molecular karyotyping) in
the diagnosis of ID patients. They have reported
diagnostic yields of 32-58% ”Anazi et al., 2016;
Thevenon et al., 2016). Diagnostic yield as high as
91% has been reported in consanguineous families
”Shaheen et al., 2016). Notably, many of the
molecular defects were not suspected clinically,
highlighting the power of this tool to overcome
the limitations of clinical phenotyping. This has

set a trend of reverse phenotyping , whereby the
success of identi cation of clinical recognizable ID
syndromes will no longer be highly dependent on
clinical expertise of syndrome recognition, causing
a shift from a phenotype rst to a genotype
rst approach. Besides, the impact on families in

ending the expensive, often invasive, and stress-
ful diagnostic odyssey cannot be overemphasized.
However, in both the cases detailed phenotyping
remains a very important step in the diagnostic
approach to a case with a neurodevelopmental
disorder and the clinician has a very important role
to play in manually judging the candidate sequence
variations identi ed by mining the exome data.

Issues Related to WES in Diagnostics

In addition to the high cost, the vast amount of
data, which is a challenge for analysis and storage,
is a major problem being faced. The advantage
of WES is that the need of a clinical differential
diagnosis is not a must and WES can identify the
etiology in a case with a nonspeci c or a subtle
phenotype. The same advantage of covering all the
genes poses challenges for analysis analysis as in
some cases more than one pathogenic sequence
variant may be identi ed or many variations of
unknown signi cance are identi ed. These issues
will gradually get minimized or resolved as more
and more parts of the genome get annotated
and databases of pathogenic and non-pathogenic
variations become more comprehensive. One of
the reservations which many physicians have in
implementing this approach is the high cost of
WES. A recent study comparing the cost of WES
with conventional diagnostic approaches in a co-
hort of individuals with intellectual disability found
that the traditional diagnostic trajectory cost was
’16,409 per patient while the trio-WES cost was
’3,972 only. They concluded that WES resulted
in average cost savings of ’3,547 for genetic and
metabolic investigations in diagnosed patients and
’1,727 for genetic investigations in undiagnosed
patients ”Monroe et al., 2016). Another concern
is the inability of WES to detect copy number
variations ”CNVs), which cause a large proportion
of intellectual disability. But in recent years, there
have been many publications evaluating the utility
of WES in detecting CNVs by various algorithms.
These studies have reported a fair rate for de-
tection of CNVs, 59 to 89% with the sensitivity
increasing with CNVs >200kb in size ”Tetreault et
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Table 1 Summary of the diagnostic yield of WES in intellectual disability (ID) in various studies.

Study Cohort Timing of WES Diagnostic yield
de Ligt et al.,
2012

100 patients with se-
vere ID

Trios WES
All patients with prior ex-
tensive genetic diagnostic
work up

Diagnostic yield=16%, 79 de
novo mutations in 53 /100,
Potential causative variants
in 22 novel genes

Yang et al.,
2013

250 patients ”80%
with neurological phe-
notype)

All patients had undergone
prior genetic testing ”mi-
croarray, metabolic screen-
ing and speci c gene se-
quencing)

Diagnostic yield – 62/250
”25%), autosomal dominant
=33, autosomal recessive
=16, X-linked disease=9,
Four probands with 2 non-
overlapping diagnoses

Yang et al.,
2014

2000 patients, 87.8%
with neurological phe-
notype

All patients had under-
gone some prior diagnos-
tic workup including speci c
genetic tests

Diagnosis in 504 ”25.2%),
novel variants in 58%, 6
patients with large dele-
tions, 23 had mutations at
2 different loci

Willemsen et al.,
2014

253 individuals from
234Dutch families with
unexplained ID

2 phases- diagnostic ”spe-
ci c genetic test, microar-
ray, metabolic screen) and
research phase ”NGS in 30%
of undiagnosed patients in
phase I)

Phase I - diagnosis in 43
”18.4%).
Phase II - pertinent/plau-
sible diagnosis in 24 /58
”41.4%) in NGS cohort.
Total diagnostic potential
combining both phases =
59.8%.

Sawyer et al.,
2015

>500 children from
362 families with
rare genetic diseases,
mainly neurodevelop-
mental and dysmor-
phism disorders

All had already received
standard of care genetics
evaluation

Mutations in known dis-
ease genes for 105
of 362 families studied
”29%), Neurodevelopmen-
tal phenotype- yield was
31.6%

fliyazuddin et al.,
2016

121 large consan-
guineous Pakistani
families with ID

All patients had clinical
+/- neuroimaging evalua-
tion. No prior genetic test
was done

Total yield - 68 families
”56.2%)
Novel genes - 30 families

Anazi et al.,
2016

337 ID subjects, high
prevalence of consan-
guinity

Molecular karyotyping,
multigene panels, WES
were used as rst-tier tests,
compared with standard
clinical evaluation done in
parallel

Standard clinical evaluation
suggested a diagnosis in
16% ”54/337), only 70%
of these ”38/54) were con-
rmed.

Genomic approach re-
vealed a likely diagnosis in
58% ”n = 196).
These included CNVs in 14%
”n = 54, 15% are novel), and
point mutations in remain-
ing 43%

Note: ID – Intellectual Disability, CNV – Copy Number Variations
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al., 2015; Miyatake et al., 2016). In the current
situation, WES as a rst-tier test in neurodevelop-
mental disorders appears to be an attractive option
especially in families with consanguinity, multiple
affected members, clinical features suggestive of
a monogenic phenotype with no obvious cause
and after the cytogenetic microarray is normal.
More and more experience and data will provide
answers to today s challenges of technical issues
”like coverage), accurate interpretation of the huge
data generated, incidental ndings, functional vali-
dation of novel variants, and need for more robust
algorithms for CNV detection.

To get the estimate of clinical utility of WES
in the diagnosis of genetic phenotypes, a lot of
work is needed and has already been started. The
important one to be mentioned here is the Clinical
Sequencing Exploratory flesearch ”CSEfl) consor-
tium which includes eighteen projects which not
only are exploring clinical utility and clinical validity
of clinical genome and exome sequencing, but is
also looking at the ethical, social and legal impli-
cations via multidisciplinary approaches ”Green et
al, 2016). Similar efforts being done are Genome
Clinic Task Force ”Fokstuen et al., 2016) and the
SickKids Genome Clinic ”Bowdin et al., 2016). The
analysis of these big studies will provide answers
to the questions about appropriate use and timing
of the WES-based diagnosis which is powerful but
costly and has some issues which need to be
sorted.

Conclusions and Future Perspective

Diagnosis of genetic disorders is an arduous and
challenging task. The armamentarium of advanced
genetic testing is improving the etiological diag-
nosis and thus helping the families. Cytogenetic
microarray is considered the rst tier test for
evaluation of a child with a neurodevelopmental
disorder. However, it should be noted that de-
tailed clinical evaluation, appropriate imaging and
biochemical investigations constitute the rst step
in the direction of diagnosis. As is the experience
of clinical geneticists, a study of different clinical
genetics centres has shown that in patients with
dysmorphism, the diagnosis is achieved in the
rst visit in 30 to 60% of cases ”Douzgou et al.,

2016). However, WES offers the hope of diagnosis
in many cases where there was none. In the fu-
ture, whole genome sequencing ”WGS) is expected
to eventually replace WES and even cytogenetic

microarray, as it is the single genetic test which
has the potential to detect the whole spectrum of
genetic aberrations ranging from single nucleotide
variations to complex genomic rearrangements.
However, at present and during the next few years,
exome sequencing will ll the niche of being the
most versatile, relatively inexpensive and hence
popular application of NGS in the clinic ”Tetreault et
al., 2015). Its application early-on in the evaluation
process of patients with non-speci c intellectual
disability will have a signi cant impact in ending
the diagnostic odyssey .
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ExACtly! [Lek et al., 2016]

The Exome Aggregation Consortium or the ExAC
is an effort to aggregate and harmonise exome
sequencing data from various sequencing projects
around the world. The group in its first publication
has published the analysis of genetic variation in
protein coding regions of the human genome in
about 60,706 individuals. This is by far the largest
dataset of variations in the human exome. A
staggering 74, 04, 909 high quality variants were
identified averaging to one variant for every 8 base
pairs. Such a large data set helps vastly to improve
the human reference genome and provides for
better variant calling. About 163 of 192 variants
which were classified as pathogenic have now met
the criteria to be called as benign or possibly
benign variants raising serious concerns about
how to interpret variants in rare diseases. Many
protein-truncating variants with no established hu-
man disease phenotype have also been identified.
This article is thus a must read in this era of Next
Generation Sequencing.

Inborn Exome of Metabolism
[Tarailo-Graovac et al., 2016]

In the past few years, whole-exome sequencing
has become a well-established modality for the
discovery of new genes and the diagnosis of rare
genetic disorders. It is now being taken to the
next level – that of translational medicine. Tarailo-
Graovac et al. have reported a study wherein they
have combined whole exome sequencing analysis
with deep clinical phenotyping (i.e. a detailed
characterization of the patients’ clinical and bio-
chemical phenotype) through a semi-automated
bioinformatics pipeline in individuals with intel-
lectual developmental disorder and unexplained

metabolic phenotypes. Through the application
of this combined modality in 41 such probands
without an identifiable etiology, they were able to
clinch the diagnosis in 28 patients (68%) and iden-
tify 11 new candidate genes for neurometabolic
disease phenotypes. Most importantly, with the
identification of the diagnosis they were able to
offer beneficial targeted intervention in 18 (44%)
patients. This is indeed an example of bench-to-
bedside application of technology!

CRISPieR [Arbab et al., 2016]

CRISPR/CAS9 has been a big bang in the world of
genome editing. The relative ease, efficacy and
specificity have made this the preferred method-
ology in gene editing. A slew of discoveries have
helped to better the CRISPR-based technology, the
latest being the self cloning CRISPR reported by
Arbab et al. Self-cloning CRISPR/Cas9 (scCRISPR)
makes use of a self-cleaving palindromic sgRNA
plasmid (sgPal) that recombines with short PCR-
amplified site-specific sgRNA sequences within
the target cell by homologous recombination and
circumvents the process of sgRNA plasmid con-
struction. scCRISPR enables gene editing within
2 hours once sgRNA oligos are available. The
efficiency (90% knock out rates) is high and equiv-
alent to conventional sgRNA targeting. PCR-based
addition of short homology arms leads to effi-
cient site-specific knock-in of transgenes (2% to 4%
knock-in rate). This paper describes the most rapid
and efficient means of CRISPR gene editing to date.

Linking the dots...... [Perla-Kajan et al., 2016]

Hyperhomocysteinemia caused by Cystathionine
-synthase (CBS) deficiency is characterised by

elevated levels of plasma homocysteine with resul-
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tant neurological, vascular and connective tissue
abnormalities. The underlying mechanisms, how-
ever, are poorly understood. Elevated plasma
homocysteine- thiolactone is believed to cause
the connective tissue abnormalities. Perla-Kajan
et al. have studied CBS knockout mice which
replicate the connective tissue abnormalities in
humans with CBS deficiency. Their hypothesis that
homocysteine- thiolactone residues form isopep-
tide bonds with lysine residues and impair cross
linkage was affirmed when N- homocysteinylated
collagen was found elevated in the bone, tail and
heart of the CBS knockout mice. Further, in
vitro and in vivo studies have demonstrated N-
homocysteinylation of collagen type 1 1 chain
explaining, at least in part, the cause for connective
tissue abnormalities in Hyperhomocysteinemia.
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Black and white little banded bar,
How I wonder what you are
Down through the microscope I gaze,
Trying to focus through the haze
How do I identify each one in this mix,
Amongst the chromosomes forty and six

There you lie inconspicuously on the slide,
Looking insignificant but encompassing the genome wide
Within your recesses, in each fold,
The entire code of life you hold
A little less here, a little more there,
Can make the whole system go haywire 

Please oblige, help me correctly identify,
Stop at the right length in metaphase and comply
Show me clearly your centromere and each band,
Don’t bend over, as straight as possible please stand 
If only you’d stay true to the textbook prototype,
I wouldn’t have to struggle so, to get a good karyotype.

(Based on real life experiences)

                                     - By Dr. Prajnya Ranganath

An Ode to a Chromosome - by a Cytogenetics Trainee
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GeNeEvent – FetalMed2016

FetalMed 2016, the Annual Congress of the
Society of Fetal Medicine, was held at Kolkata
from 9th-11th September, 2016. The event was
attended by delegates from all over India and from
many countries across the globe including the USA,
UK, France, Thailand, Afghanistan, Bangladesh and
Australia. The event was co-hosted by the Bengal
Obstetrics and Gynecological Society. It included
one day of workshops and two days of conven-
tional symposia. The workshops were crafted to
encourage audience participation and specifically
address queries raised by delegates. The event
included live and video case-based workshops
on Diagnostic & Therapeutic Procedures in Fetal
Medicine, Techniques and Protocols in Anomalies
Scans, Doppler in Obstetrics and Optimal Evalua-
tion of Common Genetic Disorders. There was also
a 3D/4D Hands-on simulator workshop in Fetal Car-
diac Evaluation. The workshops were well received
and the relatively small size of each workshop was
greatly appreciated by the delegates. The second
Video Workshop and Certificate Course of the
Nuchal Translucency Quality Control Program was

also held during the event. The content in the main
symposium was based on the Conference theme
Fetal Healthcare: From Research to Protocols

and included What is New in Fetal Diagnosis and
Treatment, Fetal Cardiology, Fetal Neurology, Fetal
Urology, Fetal Face and Palate, Growth Restric-
tion, Placental Dysfunction, Perinatal Autopsy and
Clinical Sonoembryology. Extensive case based
Panel Discussions were greatly appreciated by the
attendees. The event saw continuing efforts of the
Society to enhance the audiovisual learning expe-
rience including tiny pixel LED projection screens.
The conference also brought to light the fact that
the interest in genetic disorders and genetic testing
is being increasingly felt by the fetal medicine
specialists. The scientific program included stress
on genetics knowledge and genetic disorders and
the talks by medical geneticists were well appreci-
ated by the participants. Such academic meetings
which help to create closer collaborations between
clinical geneticists and fetal medicine specialists
are likely to greatly improve the quality of patient
care.
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PhotoQuiz - 34
Contributed by:  Dr. Ashwin Dalal

Email:  ashwindalal@gmail.com

The sequencing track below shows a part of sequence from beta globin gene in a carrier for
Thalassemia. The normal sequence of beta globin gene is given. Identify the mutation.

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 33
Hereditary Angioedema  (OMIM # 106100)
Hereditary angioedema is an autosomal dominant disorder characterized by episodic localized 
subcutaneous edema and submucosal edema involving mainly the upper respiratory and 
gastrointestinal tracts. The classic form of the disorder is caused by a mutation in the C1NH gene 
(OMIM *606860), which codes for the complement component 1 inhibitor. There are two forms of 
the classic disorder, both of which are clinically indistinguishable, but are differentiated by the 
serum levels of C1NH. In type I there is a deficiency of the serum levels of C1NH (less than 35% of 
normal) and in type II, the serum C1NH levels are normal or elevated, but the protein is non-
functional. Another type of hereditary angioedema, HAE type III (OMIM # 610618), is caused by 
mutation in the F12 gene (OMIM *610619) which codes for coagulation factor XII.
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  1. G Aruna, Vellore
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  3. Diksha Shirodkar, Goa
  4. Ashish Gupta, New Delhi
  5. Poonam Singh Gambhir, Lucknow
  6. Prashant Kumar Verma, Agra
  7. Mohandas Nair, Calicut
  8. Jagadish Bhat, Goa
  9. J L Kulkarni, Mumbai
10. Bharti Singh, Lucknow
11. Manpreet Kaur, Gurgaon
12. Jai Prakash Soni, Jodhpur
13. Ravi Goyal, Kota (Rajasthan)
14. Vikas Katewa, Jodhpur
15. Beena Suresh, Chennai

Centre for DNA Fingerprinting and Diagnostics, Hyderabad

Exon 1

ATGGTGCACCTGACTCCTGAGGAGAAGTCTGCCGTTACTGCCCTGTGGGGCAAGGTGAACGTGGAT

GAAGTTGGTGGTGAGGCCCTGGGCAG

Ivs-1

GTTGGTATCAAGGTTACAAGACAGGTTTAAGGAGACCAATAGAAACTGGGCATGTGGAGACAGAGA

AGACTCTTGGGTTTCTGATAGGCACTGACTCTCTCTGCCTATTGGTCTATTTTCCCACCCTTAGG
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