
Karyotype. Gene and chromosomal 

mutations. Pathological karyotype 

Assoc. Prof. Maria Kazakova, PhD 



A karyotype is the number, size, and shape of 
chromosomes in an organism. 

Species specific. 

 
 

Normal human karyotype contains  46 chromosomes. 

22 autosomes + a pair of sex chromosomes 

• Male: XY 

• Female: XX 



Structure of chromosomes 

Chromosome – “bar code” 

Each chromosome pair viewed in a karyotype 

appears to have its own distinct "bar code" of 

bands. 



A karyogram is a photograph of an organism's 
chromosomes, in which the chromosomes have been 

sorted and arranged by size 



 Chromosome banding revealed by different 
staining techniques 
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G – banding (Giemsa banding) 

 heterochromatic regions, AT-rich DNA and relatively gene-

poor, dark bands  

 less condensed chromatin, GC-rich and more transcriptionally 
active - light bands 

R- (c) , Q – (b), C – banding (d) 

 



A metaphase spread          Karyogram 



Karyogram 
Steps: 

• Collect a cell from an individual  

• Induce the cell to divide  

• Stop cell division in metaphase when chromosomes are 
easiest to see  

• Stain the chromosomes to make them visible  

• View the cell under a microscope  

 
 



Using Karyograms to Detect Chromosomal 
Abnormalities 

Fluorescence in situ hybridization (FISH) and 
comparative genomic hybridization (CGH) 
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Mutations 

The classic definition -  sudden heritable changes in the 
DNA.  

Today  - a change in the DNA sequence, which 
population frequency is less than 1%.  

 

Classification  

 spontaneous and induced 

 somatic and germline  

 gene and chromosomal (structural and numerical) 

 



Examples of induced mutations 



Gene mutations 

Can affect: 

1. a single base of gene  - Point mutations 

 addition, deletion, base substitution 

 

 

 frame-shift mutation – if the number of bases added 
or deleted is not equal to three or a whole number 
multiple to it 

 

2. a greater or lesser portion of the gene - Block 
mutations 

 



Frame-shift mutation 



Base substitutions 

 

 The transitions 

A purine is replaced by another purine base or a 
pyrimidine base by another pyrimidine 

 

A           G, T         C 

 

 The transversions 

A purine base is exchanged with pyrimidine  or a 
pyrimidine by purine 

G         T,  A         C 

 



Effect of gene substitutions 

 Missense 

The codon changes and thus a different amino acid is 
incorporated into the protein 

Sickle cell anemia 

 Nonsense 

The original codon changes to stop codon.  

What is the result?.... 

 Silent or sense mutation 

Although the codon changes, the same amino acid is 
incorporated. 

Why? Due to …. 



Sickle cell anemia 



The repeat mutations  - a special type gene 
mutations 

Examples of diseases 

 

 

 

 

 

 

A phenomenon - Anticipation  



Chromosomal mutations (structural and 
numerical) 

Two aspects of chromosomal abnormalities  are 
crucial: 

 

When and where they happen? 

 

Mitosis or meiosis  

 

Centromeres or telomeres 

 

 



Structural chromosomal mutations 
 Deletions:  terminal, interstitial 

 Duplications 

 Inversions: paracentric, pericentric 

 Insertion 

 Translocation: reciprocal, Robertsonian 

 

 

 

 

 



Structural chromosomal abnormalities 

 Deletions 

- terminal   - cat cry (cri du chat) syndrome: the short 
arm of chromosome 5 is deleted (5p-)  

- interstitial  - affects the long arm of chromosome 
15: del15(q11-13). This is one of the causes of Prader-
Willi or Angelman syndrome 

A…….??? 

B…….??? 



Duplication - chromosomal segment is duplicated  

 

 

 Inversion - in which the same chromosome breaks 
twice and the fragment between the breakpoints 
turns 180 degrees.  

 - pericentric;  - paracentric inversion 

 

 

 

 



Translocation - usually 2 or 3 breaks are needed. The 
broken part/s are transferred to another chromosome.  

- Reciprocal  - best example - formation of the 
Philadelphia chromosome (Ph1), between 9 and 22 
chromosomes, chronic myeloid (CML) or acute 
lymphocytic leukemia (ALL).  

-  Robertsonian translocation or centric fusion  

 



Numerical chromosomal mutations (genomic) 

one or more chromosomes are in excess or missing  

Aneuploid – only a certain chromosome is in excess 
or missing. Mitotic or meiotic non-disjunctions  

- Monosomy: 2n-1 

- Trisomy: 2n+1 

- Nullisomy: 2n-2 

 Euploid - polyploidy means, if we find a multiple of 
n, either in gametes or in somatic cells.  

 Mixoploid mutations 





Down syndrome / Trisomy 21 
47, +21 XX, XY 

non-disjunction or 

 centric fusion/translocation  

frequency increases dramatically  

with maternal age, at 45 years of age  

it is more than 1:100!  

 

 



Patau syndrome / Trisomy 13 

Frequency of birth is 1:12 500  

47, +13 XX, XY 

maternal non-disjunction. 65% from the first meiotic 
division  

Only <5% of these infants survive the first year of life.  



Edwards syndrome / Trisomy 18 

47, +18 XX, XY 

maternal non-disjunction. 95%! of the cases are due 
to non-disjunction in the first meiotic division  

95% of the fetuses die within the womb.  

Newborns die within a year.  

 

 

 

 



Turner syndrome / 
Monosomy Х 

45, X0 

the only viable monosomy 

Barr body is absent 

 

 

 

 

 



Klinefelter syndrome  

47, XXY 

 maternal (56%) and paternal 
(44%) non-disjunction 

 there are two X 
chromosomes, thus they are 
Barr body positive  

 



Triple X syndrome 
1:1000 
47, XXX 
female phenotype 
89% is of maternal, 8% is of paternal origin and 3% is 
of post-fertilization mitotic non-disjunction 
two Barr bodies are typical 
 

 



Double Y syndrome, “Superman”  

 1:1000 

47, XYY 

Normal, slightly taller males 

Paternal second meiotic nondisjunction 

Stronger aggressively 

Possible criminal tendency 

 



Mixoploid mutation 

Two (sometimes more) cell lines with different 
chromosome numbers are found within an organism 

 

1.Mosaicism – a mosaic is a living creature, where two 
cell lines of different chromosome numbers, but of the 
same origin are present in the body 

-Mitotic non-disjunction 

-Anaphase lag 

2. Chimerism 

- A chimera is derived either from fusion of fraternal 
twins, or from double fertilization of an egg and a polar 
body 

 

 

 

 

 

 



Prevention / Prenatal diagnosis 

Prenatal diagnosis employs a variety of techniques to 
determine the health and condition of an unborn fetus 

Invasive and non-invasive 

Amniocentesis  

Chorionic villus sampling 

 


