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Basic genetic  

• Cell biology and structure  

• Mosaicism 

• Imprinting  

• X-inactivation   



cell 
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Gene  





Mosaicism  

• Is the presence in an individual or a tissue of at least two cell lineages 
that differ genetically but are derived from a single zygote.  

• Types :  

• Pure Confined placental mosaicism.  

• Pure Somatic mosaicism –segmental mosaicism.  

• Pure Germline mosaicism. 

• Gonosomal mosaicism.  
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Genomic imprinting  
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Basis of diseases  

• Chromosomal mutation ; structural or numerical   

• Sub-chromosomal mutation ; segmental deletion, duplications.  

• Single gene including dynamic mutation 

• Imprinting disorders  

• Complex genetic   
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Chromosomal disorders  

• Molecular Cytogenetics Techniques 

• Microdeletions/Microduplications  

• Syndromes Recurrent Genomic Disorders 

• X-Chromosome Abnormalities  

 





Trisomy 21 karyotyping vs CMA  





Trisomy 21  





Trisomy 18  





Trisomy 13  



Sex chromosome abnormalities  





Turner syndrome (monosomy X) 





Klinefelter syndrome  



Microdeletion/microduplication syndromes  

• Complex phenotypes due to dosage imbalance of multiple, 
unrelated genes which happen to be contiguous on chromosome. In 
some cases, clinical syndrome defined before genetic basis known.   

• Contiguous gene syndromes  

• Segmental aneusomy syndromes  

• Genomic Disorders (subset mediated by segmental duplications – 
seg dup)  

• Mechanisms include deletion, duplication, and 
UPD = any deviation from normal, biparental inheritance  

 



DiGeorge syndrome/ VCFS/del(22)(q11.2) 









Cri Du Chat del(5p) 

• Cat-like cry in babies (hypoplastic larynx)  

• IUGR, microcephaly, hypotonia, ID  

• Hypertelorism, round face, 
epicanthal folds, down slanting palpebral fissures, strabismus 

• Heart defect 

• Transverse palmar creases 

• Most de novo, ~15% from balanced carrier parent  

 



Cri du chat (5p minus syndrome) 





Wolf-Hirschhorn syndrome /del(4p) 

• IUGR, microcephaly, hypotonia, severe ID  

• Dysmorphic facial features  
• hypertelorism, prominent glabella, arched eyebrows, nose broad or beaked, 

CL/P, short upper lip  

• Other  
• scalp defect, hypospadias, heart defect, seizures, preauricular pit  

• Most de novo, 10-15% from balanced carrier parent  

 



Single gene disorders  

•  Recognize patterns of Mendelian transmission  

•  Describe deviations from classical Mendelian transmission  

•  Common examples of mendelian disorders 

•  Genetic counseling   



Autosomal recessive  



Genetic counselling  



Consanguinity  



Recessive mechanism  



 



Tay Sachs disease  



Autosomal dominant  



Penetrance  
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Dominant mechanism  



Mosaicism  





Neurofibromatosis 1  



X-linked  



Duchene and Becker muscular dystrophy (DMD/BMD) 





X-linked dominant lethal in male  



Maternal inheritance  



Leber hereditary optic neuropathy  



Leber hereditary optic neuropathy  



Dynamic mutation (unstable repeat 
expansion) 
• Dynamic mutation: that change from generation to generation. 

• The expansion beyond the normal can alter gene expression and 
function  

• Parental transmission bias: anticipation occurs the mutant allele 
transmitted through the affected father or mother .  

• The expansion of premutation alleles occurs primarily in the female 
germline in FGXS but largest expansion causing juvenile onset HD in 
male germline  





Fragile X syndrome  



Developmental genetic  

• Dysmorphology 

• Pleiotropy  

• Congenital anomalies  

 



CONGENITAL ANOMALIES  

• 1 3% of all newborns 
Leading cause of neonatal morbidity and  

• mortality 
20% of infant deaths 
10% NICU admissions, 25 35% of deaths  

• Pediatrics admissions 
25% to 30% have major birth defect  



Causes of congenital anomalies  

 



Congenital anomalies  



Deformation  

• Developmental Process is normal  

• Mechanical force alters structure , extrinsic factors impinging physical 
on the fetus during development usually second trimester.  

• Most of them are reversible.  

• Examples: maternal or fetal force  
• Oligohydramnios  

• Breech presentation  

• Bicornuate uterus  

 

 



Deformation  



Disruption  

• Developmental process is normal, but interrupted. 

• Destruction of irreplaceable normal fetal tissue--->actual loss of 
tissue.   

• Vascular insufficiency , trauma, or teratogen.  

• Examples: 
• Amniotic band sequence  

• Fetal Cocaine exposure  

 

 





Malformation  

• Morphological defect from an intrinsically abnormal developmental 
process. 

• Malformation in one part is often but not always associated with 
malformation elsewhere.  

• Examples:  
• holoprosencephaly,  

• congenital heart disease,  

• neural tube defect 

• polydactyly  

 





Dysplasia  

• Abnormal tissue organization, microscopic structure. 

  

• Examples:  
• Skeletal or connective tissue dysplasia  

• Ectodermal dysplasia  
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Pleiotropy :Syndrome and Sequences  

• A birth defect resulting from a single underlying causative 
agent may result in abnormalities of more than one organ 
system in different parts of the embryo or in multiple 
structure that arise at different times during development. 

• Causative agents could be a gene or teratogen. 

• When causative agent causes multiple abnormalities in 
parallel, the collection called ? 

• When a causative agent affects only a single organ at one 
point of time which then causes the rest of constellation of 
pleiotropic defect , secondary effect , this referred as ? 



Syndrome  

• A recognizable pattern of anomalies presumed to be causally related  

• Genetic: chromosomal, single gene  

• Environmental: alcohol, retinoic acid  

• Complex: more than one genetic and/or environmental factor  

 



Fetal alcohol syndrome  







Imprinting disorders  

• The expression of imprinted genes may be tissue and stage specific with 
one of the parental alleles being differentially expressed only at a certain 
developmental stage or in certain cells.  

• Imprinted genes show expression from only one member of the gene pair 
(allele) and their expression are determined by the parent during 
production of the gametes.  

• Imprinted genes represent only a small subset of mammalian genes that 
are present but not imprinted in other vertebrates.  

• Genomic imprints are erased in both germlines and reset accordingly; 
thus, reversible depending on the parent of origin and leads to differential 
expression in the course of development. 









Prader Willi syndrome  





Angelman syndrome 



Following are true about Turner’s syndrome, EXCEPT 

• (1) Adult height < 150 cm 

• (2) Coarctation of aorta 

• (3) Cubitus varus of elbow 

• (4) Horseshoe kidney 

 
 



• Ans. 3 
Turner’s syndrome is due to functional monosomy of ‘p’arm of X-
chromosome.  

• Clinical features  
•  Short stature (<150cms)  

• Sexual infantilism  

• Bicuspid aortic valve CoA (Coarctation of Aorta)  

• Low hairline, webbed neck, widely placed nipples.  

• Horse shoe kidney, cubitus valgus of the elbow. 

 



• All are true regarding Trisomy 21, EXCEPT 

• 1) Chromosomal non-dysjunction during maternal meiosis 
responsible for 80-90% of cases 

• (2) Brush-field spots on iris 

• (3) Epicanthal fold 

• (4) Hypertonic at birth 

 



• Ans. 4 
92% of Down’s syndrome have trisomy with an extra. 21 chromosome 
in all body cells. Chromosomal non- dysjunction during maternal 
meiosis is responsible for 90% of cases. Clinical features ® Mental 
retardation, Epicanthal fold, upturned nose, brushfield iris, hypotonia 
at birth. 

 



• In 1991, it was discovered that the fragile X syndrome was caused by a 
mutation in the fragile X mental retardation-1 (FMR-1) gene. An area of 
CGG trinucleotide repeats just upstream of the coding area was found to 
be variable in size. All the following statements regarding the FMR1 gene 
are true, EXCEPT 

• 1) “Premutations” may expand to full mutations in future generations  

• (2) Offspring of male carriers inherit a permutation 

• (3) Offspring of female carriers may inherit a premutation or a full mutation 

• (4) Individuals with premutation are likely to have mental retardation 
 



• Ans. 4 
several disorders have recently been found to be the result of expanding series of 
triplet repeats.  

• These include the fragile X syndrome, myotonic dystrophy, and Huntington’s 
disease.  

• Although the length of the region is variable in normal individuals, unaffected 
female carriers, and non-penetrant, transmitting males have “premutations” 
which are generally 50 to 230 repeats in length.  

• Individuals with premutations are, therefore, phenotypically unaffected. 
Nonpenetrant males transmit only unstable premutations; female carriers may 
transmit either premutations or full mutations, which are associated with mental 
retardation and the other phenotypic features of the syndrome.  

•   

 



 
 

The pedigree described below is an example of what pattern of 
inheritance?  

• (1) X-linked recessive inheritance 

• (2) X-linked dominant inheritance 

• (3) Autosomal recessive inheritance 

• (4) Autosomal dominant inheritance 

Solid figure = Affected individuals 
Open figure = Unaffected individuals 



• Ans. 2 
The X-linked dominant inheritance pattern is characterized by having 
affected females in the heterozygote state.  

• Affected females are twice as common as affected males, and the 
affected males are hemizygotes.  

• In vitamin D-resistant rickets, both sexes are affected.  

• However, the serum phosphate level is less depressed; hence, the 
rickets is less severe in the heterozygous female than in the 
hemizygous male.  

 



• Chromosomal imbalance is most frequent during which of the 
following stages of human development? 

• (1) Embryonic 

• (2) Fetal 

• (3) Childhood 

• (4) Adult 

 
 



• Ans. 1 
Chromosomal aberrations occur in approximately 1 in 200 live born 
infants. 

•  Although the exact frequency of chromosomal anomalies in human 
embryos (i.e., <8 weeks’ gestation) is unknown, the numbers above 
indicate a substantial frequency of at least 7.5 percent.  

 



Match the following: 

1) Heterozygote                              a) Two locus for different allele 
2) Compound heterozygote          b) One locus, one allele 
3) Double heterozygote                 c) One locus, one normal, one mutant allele 
                                                           d) One locus, two different, mutant allele 

• (1) 1-b, 2-a 3-d 

• (2) 1-c, 2-a 3-d 

• (3) 1-c, 2-d 3-a 

• (4) 1-b, 2-c 3-d  

 



• Ans. 3 
A heterozygote, or in the case of an autosomal recessive disorder, a 
carrier, has one normal allele and one mutant allele at a given locus.  

• A compound heterozygote has two different mutant alleles at same 
locus. 

• a double heterozygote has one mutant allele at each of two different 
loci. 

 



• On physical examination, the patient is noted to have some facial 
dysmorphism, including a long face, a prominent nose, and flattening 
in the malar region. In addition, the patient’s speech has an unusual 
quality. Which description best explains the patient’s condition? 

• (1) Sequence  

• (2) Syndrome 

• (3) Disruption 

• (4) Deformation 

 



• Ans. 2 
The child described in the question has multiple independent 
anomalies that are characteristic of a syndrome. Although they are 
likely to be causally related, they do not appear to be sequential. 
These problems do not appear to be caused by the breakdown of an 
originally normal developmental process as in a disruption, nor do 
they appear to be related to a non-disruptive mechanical force as in a 
deformation.  

 



• Fluorescent in situ hybridization (FISH) analysis is useful in all the 
following situations, EXCEPT 

• (1) Determination of sex in cases of ambiguous genitalia 

• (2) Determination of uniparental disomy 

• (3) Rapid diagnosis of trisomies 

• (4) Identification of submicroscopic deletions 

 



• Ans. 2 
The availability of specific molecular probes allows the use of fluorescent in 
situ hybridization (FISH) analysis for the evaluation of specific chromosomal 
regions known to be associated with specific genetic syndromes. 

•  Probes specific for the X and Y chromosomes are used in determining sex 
in cases of ambiguous genitalia. 

•  The identification of three signals for specific chromosomes allows for the 
diagnosis of trisomies much more rapidly than standard karyotypic 
analysis.  

• Submicroscopic deletions can be detected using FISH probes.  
• Because the parental origin of chromosome cannot be determined with 

this technique, uniparental disomy cannot be detected. 
 



• A male child presents to your clinic with a history of multiple pulmonary 
infections. The child’s birth was complicated by meconium ileus. The child 
has had a recurrent cough with thick, difficult to mobilize, viscous sputum. 
There have been multiple episodes of recurrent pulmonary infections and 
abnormal chest X-rays. The child is also thin for his stated age and seems to 
be failing to thrive. Which of the following statements is correct concerning 
the mode of inheritance of this patient’s disease? We could mention the 
diagnosis (CF). 

• (1) Most patients will have an affected parent 
• (2) Males are more commonly affected than females 
• (3) The recurrent risk is 1 in 4 for each subsequent sibling 
• (4) The trait is never transmitted directly from father to son 

 



• Ans. 3 
The patient’s clinical syndrome is consistent with cystic fibrosis 
inherited as an autosomal recessive disorder.  

• Characteristically the trait appears only in siblings and not in their 
parents, offspring, or other relatives.  

• On average, one-fourth of the siblings are affected. 

•  In other words, the recurrence rate for each subsequent child is 1 in 
4. The parents of the affected child may be consanguineous. Males 
and females are equally affected. 

 



• Indications for genetic counselling include all of the following, EXCEPT 

• (1) Consanguinity 

• (2) Family history of cystic fibrosis 

• (3) Family history of congenital infection 

• (4) Advanced maternal age 

 



• Ans. 3 
There are many indications for genetic counselling. These include 
advanced maternal age, family history of birth defects or other known 
or suspected genetic disease, unexplained mental retardation, and 
consanguinity. Although not technically a genetic problem, teratogen 
exposure is also generally accepted as an indication for genetic 
counseling. Although a history of congenital infection requires that 
medical information be given to the family, this is not a heritable 
disorder and, therefore, is not an indication for genetic counselling. 
However, should a pregnant woman herself contract an infection, 
such as rubella, which may be teratogenic, genetic counselling should 
be offered.  

 



• A couple is referred to a physician because the first three pregnancies 
have ended in spontaneous abortion. Chromosomal analysis reveals 
that the wife has two cell lines in her blood, one with a missing X 
chromosome (45, X) and the other normal (46, XX). Her chromosomal 
constitution can be described as 

• (1) Chimeric 

• (2) Monoploid 

• (3) Trisomic 

• (4) Mosaic 

 



• Ans. 4 
The case described in the question represents one of the commoner 
chromosomal causes of reproductive failure, Turner’s mosaicism. 

•  Turner’s syndrome represents a pattern of anomalies, including short stature, 
heart defects, and infertility. Turner’s syndrome is often associated with a 45,X 
karyotype (monosomy X) in females, but mosaicism (i.e., two or more cell lines in 
the same individual with different karyotypes) is common.  

• However, chimerism (i.e., two cell lines in an individual arising from different 
zygotes, such as fraternal twins who do not separate) is extremely rare.  

• Trisomy refers to three copies of one chromosome; euploidy, to a normal 
chromosome number; and monoploidy, to one set of chromosomes (haploid in 
humans). 

 



• Which of the following are due to micro deletion, EXCEPT 

• (1) Beckwith-Wiedemann syndrome OR TRISOMY 13  

• (2) Retinoblastoma 

• (3) Prader-Willi syndrome 

• (4) Angelman syndrome 

 



• Ans. 1 
Beckwith-Wiedemann syndrome is due to microduplication on ‘p’ 
arm of chromosome 11.  

• Microdeletion is seen in:  
• (a) WAGR complex (11p13)  

• (b) Retinoblastoma (13q14)  

• (c) Prader-Willi syndrome (15q11)  

• (d) Angelman syndrome (15q11)  

• (e) DiGeorge syndrome (22q11)  
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