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The genetic material: Genome  

• Genome as a term was suggested in 1920 by Hans Winkler, professor

of biology (botany) at the University of Hamburg. Genome word is a

blend of the words gene and chromosome.

• The genome can be defined as the genetic material of an

organism. It consists of DNA (or RNA in RNA viruses). The

genome includes both the genes, (the coding regions), the non-

coding DNA and the genomes of the mitochondria and

chloroplasts.
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Cytogenetics: the study of chromosomes

• Cytogenetics is the study of chromosomes and their role in
heredity. Cytogenetics focuses on studying structure,
composition of chromosomes as well as, diagnosis of
chromosomal abnormalities associated with diseases.

• Among the members of a species, the number of chromosomes is 
uniform.

• A normal human karyotype 
contains 22 pairs of autosomes 
and one pair of sex chromosomes.

• A karyotype refers to the number and appearance of chromosomes
in the nucleus of a eukaryotic cell. It is also refers to the complete
set of chromosomes in a species.
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I karyotyping is the
mechanism of cytogenetics
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Chromosome is a thread-like structures, it is consisted of DNA
molecule packed tightly and coiled around a specific proteins called
histones. Chromosomes are located in the nucleus of eukaryotic cells.

What is chromosome? 
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The structure of the chromosome 
Chromatid

P-arm(short)

Centromere  

q-arm(long)

Telomere   

• Chromatids are two identical parts of each
chromosomes.

• These chromatids are held together at a point
named the centromere, which can be located
at any point along the length of the
chromosome.

• Telomere is a region of repetitive nucleotide
sequences. Telomere is located at each end of a
chromosome, it protects the end of the
chromosome from deterioration or from fusion
with neighbouring chromosomes
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• The International Human Genome Sequencing
Consortium published the first draft of the human
genome in 2001 with the sequence of the entire
genome's three billion base pairs some 90 percent
complete.

• The full sequence was completed and published in
April 2003, the number of human genes appeared to
be ranged between 50,000 genes and 140,000 genes.

• The Human Genome Project (HGP) is an international scientific
research project aims to determine the sequence of DNA, to identify
and to map all of the genes of the human genome from both a
physical and a functional standpoint.

The Human Genome Project (HGP)

Images obtained from
http://www.online-sciences.com/HGP



Methods in Cytogenetics
• STANDARD CHROMOSOME TESTING

• FLUORESCENT IN SITU 
HYBRIDIZATION

- FISH

• COMPARATIVE GENOMIC 
HYBRIDIZATION MICROARRAY

https://cytogenetics-sites.uchicago.edu/
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1. Setting Up Blood Chromosomes

2. Cells Growing 

3. Cells Dropped On Slide

4. Cells Stained With Giemsa Stain (Metaphase)

5. Chromosomes Viewed Under Microscope

6. Chromosomes Cut Out 

7. Final Karyotype
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https://learn.genetics.utah.edu/content/basics/karyotype
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Normal human karyotypes are 
designated as follows: 

46,XX Normal female 46,XY Normal 
male



• Almost every cell in our body contains 23 pairs of chromosomes, 
for a total of 46 chromosomes.

• 22 pairs are called autosomes and 1 pair of sex chromosomes, XX
in female and XY in male in each cell.

• Chromosomal abnormalities can be categorised as: 

1- Numerical abnormalities refer to a missing or existing of a 
whole chromosome to the normal pair. 

2- Structural abnormalities occur when part of an individual
chromosome is missing, extra, switched to another chromosome, or 
turned upside down.

Chromosomal abnormalities 
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Turner Syndrome
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STRUCTURAL ABNORMALITIES
• DELETION - (PARTIAL MONOSOMY) - LOSS OF PART 

OF A CHROMOSOME.

• DUPLICATION - (PARTIAL TRISOMY) - DUPLICATION 
OF PART OF A CHROMOSOME.

• INVERSION - STRUCTURAL REARRANGEMENT 
WITHIN A CHROMOSOME WITH A SEGMENT OF 
THE CHROMOSOME IN REVERSED ORDER. DURING 
MEIOSIS, CROSSING OVER BETWEEN THE 
INVERTED CHROMOSOME SEGMENT AND ITS 
NORMAL HOMOLOGY MAY RESULT IN 
GENETICALLY ABNORMAL RECOMBINANT 
CHROMOSOMES WITH DUPLICATION AND 
DELETION FOR PART OF THE CHROMOSOME .
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…………..Continued

1. Paracentric inversion - not involving centromere

and results in no change in arm ratio.

2. Pericentric inversion - involving centromere, 

with change in arm ratio.

• Translocation - An exchange of parts between two 

or more chromosomes (Philadelphia Chromosome 

as an example)
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1) Some medicines

2) Street drugs

3) Alcohol

4) Tobacco

5) Toxic chemicals

6) Some viruses and bacteria

7) Some kinds of radiation

8) Certain health conditions, such as uncontrolled diabetes

Causes of chromosomal abnormalities
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