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What is a mutation? 

A mutation is a heritable alteration or change in the genetic material. 

Note: A mutation may not be heritable. Why? 

Answer: because there’s 2 types of DNA mutations one of them is inherited and other is 
not. 

Types of DNA mutation according to the type of cell with the mutation: 

• Somatic mutation occurs in somatic cells (any cells other than sperm or eggs) and 
are not transmitted. (only the person with the mutation will be affected) 
 NOT inherited  

• Germ-line mutation occur in gametes and are Inherited. (the person with the 
mutation will be affect and will transmit the mutation to his children) 

Types of DNA mutation according to the extent of the mutation: 

• Micro mutation that involve small regions of the DNA. (small mutation that occur 
on the level of DNA. 

• Macromutations that involve the chromosomes as a whole.(big mutation 
observed on the level of chromosomes like an extra chromosome or large 
deletion in the chromosome and so on.  

Note: that mutations on the chromosome level (Macromutations) will be discussed 
later in the Genetics Course now we will focus on the micromutations.  

Important: note that we use the same terms of (deletion/insertion and so on) in 
micromutations and in macromutations here in micromutation we are dealing with 
regions of DNA like A, B, C and so on. The figure below will explain a lot.. 
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Types of micromutations: 

 

Causes of DNA mutations 

 DNA mutations can arise spontaneously or induced 
 

• Spontaneous mutations: are naturally occurring mutations and arise in all cells. 
(They arise from a variety of sources, including errors in DNA replication and 
spontaneous lesions (lesions mean injury). 
Note: mutation that occurs spontaneously (عفوي) can lead to many diseases 
primally cancer, cancer can exist in every single cell except the heart. 
“In fact, I have never heard of a cancer in the heart which’s interesting if you 
understand the mechanism it would be fascinating, said Dr. Mamoun. 

• Induced mutations are produced when an organism is exposed to a mutagenic 
agent, or mutagen. 

o Some mutagens are carcinogens (cancer-causing) like (smoking / cheap juices) 
** All carcinogens are mutagens. 

o Ionizing radiation 
**UV light from the sun is mutagen also. 

According to the figure shown  

1. Deletions of a few nucleotides to long 
stretches of DNA. 

2. Insertions and duplications 
3. Inversion of DNA segments (A region of 

the DNA is inverted). 
4. Translocations, that bring different 

regions of gene segments together 
(transfer of genetic material from one 
chromosome to another) 
Note : Translocation can be  

• Reciprocal: equal exchange of 
genetic material between 2 
chromosomes  

• Not reciprocal: A movement of 
genes material or from one 
chromosome to another.  
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Sources of errors of DNA replication 

1. Base substitution: a result of mispairing (A-C or G-T) (most common). 

**The effect of this mutation will be discussed in the Translation Lecture. 

2. Inversion 

3. Insertion and deletion mutations 

Triplet repeat disease  

What happens commonly that these mutations occur when there’s repeated triplets. 

o These mutations often occur 
at repeated sequences . 

o Large deletions may result in 
partial or whole gene deletion. 

o  Large insertions may result in 
gene duplication . 
 

In the figure shown: 

We have A DNA with triplets of CAG 
repeated multiple times, so when DNA 
polymerase read the sequence it will add 
another multiple triplet which will increase 
the number of triplets. 

Sometime this mutation won’t cause a 
change but in certain cases (if the increase 
of number reaches 10-100) it will cause 
several diseases. Like:  

1-Fragile X syndrome:  there’s an increase 
in the no. CGG repeats. 

2-Huntington’s Disease: there’s an increase 
in the no. CAG repeats. 

**you don’t have to memorize the other 
diseases 
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Another mutation is A mitochondrial condition : Kearns-Sayre syndrome (a 
mitochondrial encephalomyopathy) results from deletion of a three-base-pair repeat. 

Spontaneous lesions 

** Damage of the DNA inside the cell without any external factor. 

• Spontaneous lesions are naturally occurring type of DNA damage that can 
generate mutations 

1. Depurination (removal of a purine) 
2. Deamination (removal of an amine group) 
3. Oxidatively damaged bases. 

1)Depurination 

• Cleavage of the glycosidic bond between the base and deoxyribose creating 
apurinic sites (AP sites) 

• During replication, a random base can be inserted across from an apurinic site 
resulting in a mutation. 

In the figure shown:  

** Guanine undergo depurination 

We have a glycosidic bond between the Nitrogenous base (guanine) and the deoxy ribose that will 
be cleaved or broken forming nitrogenous base (Guanine) and A deoxyribonucleosides. So, when 
DNA undergoing replication there’s 70% chance it will lead to mutations (the DNA polymerase will 
stop at the depurinated sugar and add any base thinking it will be repaired but eventually it won’t). 

2) Deamination 

• The deamination of cytosine yields uracil. 

• The deamination of methylated cytosine yields thymine. 
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• The deamination of adenine yields hypoxanthine. 

Induced mutations  

** Induced mutations are mutations caused by an external factor. 

Mechanisms of mutagenesis: 

• Mutagens induce mutations by at least three different mechanisms : 
o Add a base analog during DNA replication 
o Alter an existing base causing mispairing (alkylation) 
o Damage a base disabling pairing with any base 

1)Incorporation of base analogs: 

In the figure shown:  

The nitrogenous bases Cytosine and have 
almost the same structure unless that C has 
an amine group and U has a ketone group. 
So, when C undergo deamination it will 
convert to U. During replication DNA 
polymerase will base pair it with A 
(adenine) which will cause a mutation. 
Another case is the deamination of 5-
methylcytosine (cytosine that is 
Methylated) to T. 

In the figure shown:  

Adenine A will undergo Oxidative 
deamination (which is removal of amine 
group and addition of ketone group) to 
form Hypoxanthine that pairs with C 
Cytosine. Later, it will be removed 

 (Hypoxanthine) and replaced with G  

So, we have base pairing between C and G 
(mutation) instead of A and T (normal). 
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• Base analogs (chemicals that look like nucleotides) have similar structure to 
normal nucleotides and are incorporated into DNA during replication. 

• E.g. 5-bromouracil (5-BU), an analog of thymine, pairs with adenine, but, when 
ionized, it pairs with guanine. 

As shown in the figure: 

If 5-BU base paired with Adenine no changes will occur but if it was ionized it will 
look like cytosine, it will base pair with G causing a mutation.  

2) Specific mispairing 

• Bases existing in DNA can be altered causing mispairing . 
o Alkylating agents can transfer methyl group to guanine forming 6-methylguanine, 

which pairs with thymine . 
o Addition of large chemical adducts by carcinogens. 

 

 

 

 

In figure 1: 

An Alkylating agent added a methyl group 
to Guanine forming 6-meG that look like A 
and pairs with T. 

In figure 2: 

A conjugation of Benzo A pyrene (that exist in 
automobile exhaust and cigarettes) with 
Guanine which will damage the DNA.  

Figure 1 Figure 2 
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3)Ionizing radiation 

• Ionizing radiation results in the formation of ionized and excited molecules that 
can cause damage to DNA including 

o Creation of AP sites (apurinic or apyrimidinic sites) by breaking the glycosidic 
bond between the nitrogenous base and the deoxyribose. 

o Base damage   
o Strand breaks (breaking phosphodiester bonds between nucleotides). 

Intercalating agents                                                    

 

In the figure shown: 

We can notice that strand breaks 
occur as: 

A. Single strand break. 
B. Double strand break. 

 

The intercalating agents (flat agent 
consist of rings) such as proflavin and 
ethidium bromide (Used in staining 
DNA in the past but not anymore 
because it’s a carcinogen) are planar 
molecules that can insert themselves 
(intercalate) between the bases and 
cause single-nucleotide-pair insertions 
or deletions Sometimes it can insert 
single base, or it may insert multiple 
bases. In some cases, it chose to skip it 
(jump over it) and that would cause a 
deletion mutation . 

**It results in either Deletion or 
Insertion during DNA replication. 
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Controversial issue ( Three-parent babies) 

 

 

 

 

 

In the figure shown: 

• Our mitochondrial DNA that we have in our cells is mainly from our mothers not 
from our fathers, so of a mother have a mutation in her mitochondrial DNA the 
mitochondrial DNA of the baby will be mutated affecting the baby in certain 
conditions.. we don’t want that to happen so What we do is: 

A. We take an egg from the mother and we remove the nucleus   
B. We take an egg from a donor, and then we removed the donor’s nucleus 

from the egg and kept the cytoplasm with the mitochondria as it is. 
C. Then we added the mother’s nucleus to the egg. 
D.  then fertilized the egg with the father’s sperm. We ended up having a 

healthy baby. 
NOTE: we have a fertilized egg with 3 DNA from the mother, father, and 
donor (mitochondrial DNA). 

**Mitochondrial DNA is not so important it has a role in synthesizing proteins required in 
providing cells with energy.  

After that It has a choice either to stop and that would cause cell to die - kill themselves- or 
it going to add anything to be fixed later and that would cause an insertion mutation .These 
mutations are really severe if they occur within genes and we will talk about them again 
later on. 
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Note that **this is NOT exam material only for the sake of 
knowledge ** 

** to know more about this subject watch our doctor’s interview 
with Al-jazeera https://www.youtube.com/watch?v=H7FsRhqjFe4 

More information about the Jordanian couple: 

 

Good Luck 

https://www.youtube.com/watch?v=H7FsRhqjFe4

