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1. Introduction

Learning disability (LD) is a neurodevelopmental disorder 
that affects the people’s ability to interpret what they see and 
hear or to link information from different parts of their brain. 
Kirk and Becker introduced the term ‘learning disability’ in a 
meeting with parents of children having learning problems 
in Chicago.1 Learning disability is not a single disorder, but it 
is composed of disabilities in seven areas, which are recep-
tive and expressive language, basic reading skills, reading 
comprehension, written expression, mathematical calcula-
tion, and reasoning. The term learning disability does not in-
clude the children who have learning problems, which are 
primarily the result of visual, hearing motor handicaps, or of 
mental retardation and emotional disturbance. 
Approximately, one half of all children receiving special edu-
cation services nationally or about 5% of the total public 
school population are identified as having LD. 

Fragile X syndrome, the most common cause of LD, is a ge-
netic disease which affects approximately 1 in 2500 females 
and 1 in 1250 males worldwide. Fragile X syndrome is an 

X-linked recessive disorder.2 The major identification criteria 
of children with this disorder are large ears and head, long 
and narrow face, prominent jaw, and macroorchidism in 
males after puberty.3,4 The gene responsible for fragile X syn-
drome is fragile X mental retardation gene (FMR-1). This dis-
ability is due to the mutation of FMR-1 gene in the X 
chromosome that controls the intellectual function of every 
human being. Lubs demonstrated the presence of fragile site 
in the long arm of X chromosome in children with LD.5 The 
fragile site is a non-staining gap located at the long arm of X 
chromosome (Xq27.3) and designated as FRAXA. The analysis 
of the karyotype of a person suffering from fragile X syn-
drome reveals a slight break or fracture on the X chromosome 
in this region. 

Cytogenetic diagnosis is reliable only in affected individu-
als, practically in affected males and great majority of af-
fected females (>90%). Only 50% of the normal carrier females 
could be identified by cytogenetic analysis.6 The present 
study includes the cytogenetic visualization of fragile sites as 
an initial screening tool of investigation in affected individu-
als of Kerala population.

A B S T R A C T

Aim: Five percent of the public school children in our population have learning disability (LD). The 
main objective of the present investigation is to analyze the phenotypic and cytogenetic features 
of children having LD. Materials and methods: Eighty-six children having LD from various parts of 
Kerala were selected for the present study. Phenotypic data were collected and recorded and cy-
togenetic analysis was carried out by using peripheral blood. Observation: Phenotypic and cytoge-
netic analysis in selected samples showed various features of LD. Results: Among the total samples 
selected for cytogenetic analysis, 26 showed fragile sites in their X chromosome and its percent-
age of expression is 4–45%. Conclusion: Learning disability can be identified by comparing the re-
sults of phenotypic and genotypic analyses.
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2. Materials and methods

For the present investigation, 86 LD children in the age group 
of 7–15 years, who were attending various therapies in the 
Institute of Communicative and Cognitive Neurosciences, 
Thiruvananthapuram, were selected. Children were screened 
by conducting the standardized intelligence test. The pheno-
typic features such as length and breadth of ear, long and 
narrow face, poor eye contact, macroorchidism, prominent 
forehead, hyperactivity, obesity, shyness, gaze avoidance, 
stereotypic movement, strabismus, nystagmus, and language 
difficulty were selected and analyzed in the present study. 
The expression of fragile sites was noticed and the percent-
age of expression was studied. 

For cytogenetic study, 5 ml of peripheral blood samples 
was collected from all the selected individuals having LD. 
Routine karyotyping was carried out using RPMI medium, 
and chromosome was prepared, using standard protocol. 
Samples with chromosomal abnormalities such as deletion, 
translocation, and ring chromosomes were discarded in the 
next step. The samples with typical features of fragile X syn-
drome were subjected to fragile X karyotyping using folic 
acid deficient culture medium TC 199 with low serum con-
centration (5%) and high pH. Around 50 unbanded met-
aphases were screened for each culture. For clear visualization 
of fragile sites, slides were again G-banded. The microphoto-
graphs were taken for each sample using the Jetner–Biolux 
research microscope.

3. Observation and results

The present investigation was conducted to correlate the 
phenotypic and genotypic features of different age groups of 
children with LD and to understand the reliability of cytoge-
netic investigation for the conformation of fragile X syn-
drome. Various phenotypic features were analyzed in the 
present investigation. The length and breadth of the ear were 
measured and the maximum ear length was recorded in the 
age group of 16 and minimum was reported in the age group 
of 10. The phenotypic features such as long and narrow face, 
prominent fore head, hyper activity, shyness, gaze avoidance, 
stereotypic movement, and poor eye contact were expressed 
in all age groups. One of the remarkable phenotypic features 
in males, the macroorchidism, was exhibited by >50% of the 
individuals. Another feature strabismus was not noticed in 
the samples of present study but most of them showed lan-
guage difficulty. Obesity was noticed in all the age groups 
and their body weight ranged from 27 kg to 60 kg (Table 1). 

Among the samples selected for fragile X karyotyping, 26 
showed fragile site in their X chromosome, 10 were females, 

and remaining were males. The fragile site seen in all these 
samples expressed a highly constricted area in the long arm 
of X chromosome at 27.3. The percentage of expression was 
also calculated on the basis of the number of cells that ex-
pressed fragile site in their mitotic chromosome and it ranged 
from 4% to 45% (Table 2, plate 1).

4. Discussion

In 1943, Martin and Bell identified several children with vari-
ous intellectual problems who belonged to the same ex-
tended English family.7 The name of the syndrome 
(Martin–Bell syndrome or fragile X syndrome) is derived 
from the characteristic chromosomal foliate sensitive fragile 
site at Xq 27.3, named FRAXA, which is a constriction or a 
non-staining gap at the distal end of the long arm of X chro-
mosome. People with fragile X syndrome experience a slow 
development, emotional problems, and hyperactivity. A delay 
in learning language is often the first sign which prompts 
suspicion of the syndrome.8 Noticeable signs of a child with 
fragile X syndrome include hand flapping, hand biting, poor 
eye contact, chewing on their clothes, repetitive speech pat-
terns, rocking, and preservation.9 Fragile X syndrome is an 
X-linked recessive disorder, which affects males more than 
females. 

Fragile site cannot be visualized by routine karyotyping 
and the present investigation induced special culture me-
dium TC199 with low folic acid concentration. Inhibitors such 
as methotrexate and 5-flurodeoxyuridine of the thymidine 
synthetase enzyme involved in the synthesis of dTTP in cells 
have been found to be effective inducers of FRAXA.10,11 The 
expression of fragile site using the foliate deficient culture 
medium is highly reliable because it clearly demarcates the 
fragile site only after it is G-banded. G-banding is necessary 
for the accurate diagnosis of fragile X syndrome.12 If the indi-
vidual expresses fragile site in >4% of the cells, the metaphase 
of the lymphocyte culture is considered as fragile X 
positive.13,14 
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Plate 1 – Figs. 1 –3 and 5 are fragile karyotype of males, Figs. 4 and 6 are fragile karyotype of females. The arrow indicates the fragile site.
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