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* Mutations: Permanent changes in a DNA sequence.
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* Mutagen: Physical agent or a chemical reagent that
causes mutation.
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* Mutagenesis: Process of producing a mutation. It may

be spontaneous or induced.
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Causes of mutations
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1. DNA polymerase egors: %

T, y primase
Despite of the high degree of fidelity el
of DNA polymerases, some mutations
could occur during DNA replication
because not all the replication errors
or damage are detected and repaired

by proofreading.
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Causes of mutations
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2. Spontaneous changes< I

DNA undergoes spontaneous changes that lead to mutations if
they are not repaired.
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Spontaneous changes
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If this is not repaired before replication, adenine pairs with the i i

template strand containing uracil (adenine replaces guanine), this , A<~ &
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explains why DNA contains thymine but not uracil. (vithond rpai)

If DNA contains uracil in its structure, this type of mutation will not

be detected and will not be corrected which will produce serious
mutations. wraci| &, %%sma‘b? o0 A =l DI o3 wradi] L%y, Thumin - gpeg 4
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purines b) Spontaneous depurination.
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The glycosidic bonds that link purines to the sugar phosphate
backbone of DNA are often broken, if these purines are not
replaced before replication, anx base may be add‘e(‘i‘@

complemerttjthe missing base during replication.
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Many chemicals alter DNA bases or the structure of DNA

1. Nitrous acid (HNO, deaminating compound) can promote the

change of guanine to xanthine; adenine to hypoxanthine and
cytosine to y uracil.

2. Alkylating agents such as dimethyl sulfate
* can cause methx}llatlon of guanine into 7 methyl guanine
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e can disrupt phosphodiester bond resulting in strand break
* can interact covalently with both strands, creating intrastrand
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Chemical mutagens - Cancer

 Alkylation is the transfer of an alkyl group from one molecule to another.

 Alkylation of DNA is used in chemotherapy to damage the DNA of cancer
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* An alkylating antineoplastic agent is an alkylating agent used in cancer
treatment that attaches an alkyl group (C, H,,,;) to DNA.

CWy=>n=\ = C\Hppqa=CHy

 The alkyl group is attached to the guanine base of DNA, at the number 7
nitrogen atom of the purine ring.
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Chemical mutagens - Cancer @iss*
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- such as being alkylated.

* Alkylating agents are used to treat several cancers.
However, they are also toxic to normal cells (cytotoxic)
particularly cells that divide frequently, such as those in
the gastrointestinal tract, bone marrow, testicles and
ovaries, which can cause loss of fertility.
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Radiation damage
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 Radiation energy absorbed by DNA induces formation of ionized
forms of bases.
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* These ionized forms can not pair with the normal complementary base
partner. Instead, they form atypical base pairing as the formation of
dimers pbetween adjacent pyrimidine bases e.g. thymidine dimer.
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Classification of mutation types

2 types of mutation

Mutations in the structure of genes can be classified as:
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1. Large scale mutations in chromosomal structure

2. Small scale mutations affecting a small gene in one or a

few nucleotides )
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Types of Small-scale mutations

<+ Point mutations
* Addition or deletion of nucleotides
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Point mutations
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The most common type of mutations. Mutation occurs due to

change in a single base.

a purine is changed into another purine or a
pyrimidine is changed into another pyrimidine.

a purine is replaced by a pyrimidine, or a
pyrimidine is replaced by a purine.



Effects of point mutations:
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occurs if the resulting codon codes for a
different amino acid and this leads to abnormal protein as in sickle
cell anemia.

* Hemoglobin S (HbS )/sickle cell hemoglobin:

Genetic disease caused by replacement of glutamic acid in the 6t
position of beta chain by valinee~__ _~
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NORMAL MUTATION
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THE AMINO ACID VALINE REPLACES THE ORIGINAL
AMINO ACID GLUTAMIC ACID; THIS OCCURS ON
THE SIXTH POSITION OF THE POLYPEPTIDE




Nonsense mutation =) sse g 2
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* Will result in stop codon with
premature termination of the
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translated polypeptide which is
usually nonfunctional e.g.

thalassemia's.
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Silent mutation— .7 .,
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This occurs if the resulting codon still codes for the same amino acid due

to de e:)neracy of the code.
VUdungunc A godl] g o8

05 VAo chot ool 3 2 oy prabein s \§c.. 3 o
If the mutation affects nonessential DNA or if it has a negligible effect on
the function of a gene, it is known as a
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A gene mutation that causes no detectable change in the biological
characteristics of the gene product.
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Normal Silent Mutation avschicsd @

DNATemplatestrand 3'LT_ A C T T CAAACCGATTI|S DNATemplatestrand 3| T A C T T C A A A CCAJATT]S
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Protein Met Lys Phe  Gly  Stop! Protein Met Lys Phe  Gly  stop!

Amino acid still same




Addition or deletion of nucleotides
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 Addition or deletion of pnejor[two| nucléotides: this results in a
frame shift mutation, leading to a change in all codons after the
addition or deletion. G B ko), Wat w0 Gogheap) &

* This usually results in the production of a non-functional gene product.
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* Addition or deletion of 3 nucleotides: this leads to addition or
deletion of one amino acid to the peptide chain.

* The reading frame is not changed. Such mutation is less severe than the
frame shift mutation.
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Types of Large-scale mutations

* Chromosomal duplications
e Chromosomal deletions
e Chromosomal inversions

e Chromosomal translocations



Chromosomal duplication

A portion of the chromosome is duplicated, resulting in extra genetic material.

Small duplication Chromosomal region
duplication

.. . AGTCGTTAATTAATTAATTAATTAAGCTATCC. ..
.. . TCAGCAATTAATTAATTAATTAATTCGATAGG. ..

Gene duplication
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Chromosomal deletions

A portion of the chromosome is missing or deleted

Microdeletion Macrodeletion
‘ >
Mutation Site ~ f\
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wa - GTCGAGTCTAGCGCTATCGCT. ..
.CAGCTCAGATCGCGATAGCGA. .. = =,
=
Deletion ™
DNA...GTCGAGTCTA CGCTATCGCT. .. oD
.CAGCTCAGAT GCGATAGCGA... [T
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Chromosomal inversions

* A portion of the chromosome has broken off, turned upside down, and
reattached, therefore the genetic material is inverted.
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Chromosomal translocations

* A portion of one chromosome is transferred to another chromosome.
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Before translocation After translocation

Chromosome 20 Chromosome 20

Chromosome 4

Chromosome 4



