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““Learning without thinking is useless; thinking 
without learning is dangerous.“



MUTATIONSMUTATIONS

Permanent qualitative or quantitative changes in 
DNA

   1. depending on the cell type -  somatic, germ 
cell mutations
   2. depending on the phenotypic change -  
morphologic or physiologic (lethal)
   3. depending on the way of appearance  – 
spontaneous and induced
   4. depending on the size of the affected genetic 
structure  - gene, chromosomal, genomic and 
cytoplasmic 



GENE MUTATIONSGENE MUTATIONS  – – affect single or several base pairs 

in a gene 

І. Single-base substitutions =point mutations (affect a 
single base pair)

1. Transition – if a purine  is 
replaced by another purine or 

a  pyramidine replaced by 
another pyramidine

2. Transversion – if a purine  
is replaced by pyramidine or 

vice-versa



1. Missence mutations – the codon is changed and 

another AA is produced

2. Nonsence mutations – the affected codon turns into a 

terminating codon

3. Silent mutations – the affected codon turns into a 

synonymous one coding for the same AA



   Phenotypic effect of gene substitutions:

   1. Missence mutations – the codon is changed 

and another AA is produced (sickle cell anemia)

А is substituted with Т; glutamin is substituted valinе at 6th position

DNA codon №6
-chain HbА  -  GАG
-chain HbS -  GТG
Protein
-chain HbА  - glu
-chain HbS -  val



    Phenotypic effect of gene 

substitutions:

2. Nonsence mutations – the affected 

codon turns into a terminating codon

3. Silent mutations – the affected codon 

turns into a synonymous one coding for 

the same AA



Reading frame -  way of dividing the sequence of 
nucleotides in DNA or RNA into a set of 
consecutive, non-overlapping triplets
A reading frame refers to one of three possible 
ways of reading a nucleotide sequence.



Open reading frame -  a continuous stretch of codons 
that begins with a start codon (usually AUG) and ends 
at a stop codon

Multiple reading frames  - lead to the possibility of 
overlapping genes; in viral, prokaryote, and 
mitochondrial genome



2. Insertions and Deletions (Indels)

Extra base pairs are added (insertions) or removed 
(deletions) from the DNA of a gene. 
DELETION



 Cystic fibrosis - deletion of three nucleotides in the cystic 
fibrosis transmembrane conductance regulator (CFTR) gene 
that results in the loss of the amino acid phenylalanine and 
causes an incorrectly folded protein.
thick, sticky mucus in the lungs and trouble breathing, salty 
sweat, infertility in certain individuals, and a shortened life 
expectancy  



2. Insertions and Deletions (Indels)
Frameshift mutations – indels  of a single nucleotide in 
a codon shift the reading frame so that the same sequence of 
nucleotides encodes a different AA 
increase susceptibility to certain cancers and familial hypercholesterolaemia



Which of these would result in a frameshift mutation?
A. Insertion of 3 nucleotides
B. Deletion of 18 nucleotides
C. Insertion of 17 nucleotides
D. All of the above

 How can a frameshift mutation caused by a single nucleotide 
drastically change the length of a polypeptide?
A. A change in reading frame changes the position of the translation 
stop site
B. The insertion or deletion of a nucleotide affects amino acid 
length
C. The ribosome A-site is unable to proceed beyond the mutation 
site
D. All of the above

Quite rare - most of them result in embryonic lethality



2. Insertions and Deletions (Indels)

Frameshift mutations 
Insertion  of many copies of the same triplet - 
insertions of a string of 3 or 4 nucleotides repeated 
over and over - trinucleotide repeat disease

Fragile X Syndrome
the triplet CGG is repeated (CGGCGGCGGCGG, etc.)      
over 55 to 200 times – stops the translation of a protein 
responsible for synapses



Fragile X Syndrome
Longer  repeats have a tendency to grow longer still from 
one generation to the next (to as many as 4000 repeats)
Elongated face, broad forehead
Large, prominent ears, dental crowding
Hollow chest, flat feet, squint

Inherited from the mother of the father?



CHROMOSOME MUTATIONS -  mutations 
that change the structure of an individual 
chromosome
- single-chromosome mutations: deletion, 
duplication &  inversion 
- two-chromosome mutations: insertion & 
translocation



Duplications
doubling of a section of the genome
during crossing over between sister chromatids that are out 
of alignment can produce one chromatid with a duplicated 
gene and the other with the two genes with deletions 

(gene amplifications)



   Inversions – break in two sites of the 

chromosome, rotation at 1800  and inverted arrangement of a 

chormosomal segment  

а) pericentric – the mutation involves the centromere and affects 

both arms 

b) paracentric - the mutation does not involve the centromere and 

affects one of the arms 



Translocations
transfer of a piece of one chromosome to 
a nonhomologous chromosome
- reciprocal - the two nonhomologues swap 
segments
Effects on the phenotype :
•the break may occur within a gene destroying its function
•translocated genes may come under the influence of 
different promoters and enhancers so that their expression is 
altered
• t(8;14) translocation in Burkitt's lymphoma



Insertions 



Translocations

 the breakpoint may occur within a gene creating a hybrid gene - 
Philadelphia chromosome - specific genetic abnormality in chrom. 
22  - defective and unusually short because of reciprocal translocation 
 of genetic material between chrom. 9 and 22 in  leukemic cells of 
patients with chronic myelogenous leukemia  

The fusion gene produces the BCR-ABL 
protein – a type of tyrosine kinase.    
This protein causes leukemic cells to 
grow and divide out of control.





Molecular Biology Techniques 

PCR
qPCR, Real-time PCR
Southern Blot
Northern Blot
DNA Sequencing

Hybridization probe - a fragment of DNA or RNA of variable 
length (usually 100–1000 bases long) which can be used in DNA or 
RNA samples to detect the presence of nucleotide sequences (the 
target) that are complementary to the sequence in the probe.



Southern blotting - detection of a specific DNA sequence in DNA 
samples.  Combines transfer of electrophoresis-separated DNA 
fragments to a filter membrane and subsequent fragment detection by 
probe hybridization.



Molecular Biology Techniques 

Northern blot - detect specific RNA molecules among a mixture of 
RNA. Used to analyze a sample of RNA from a tissue or cell type in 
order to measure the RNA expression of particular genes.



DNA sequencing -the process of determining the precise 
order of nucleotides within a DNA molecule. 
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