® Genes are regions of DNA that control a discrete heritable characteristic, usually corresponding to a

Si ngle protein or RNA

=)
= In eukaryotlc cells, genes are composed of coding reguons called exong separated by non-coding
—

Lo()s) “QlRa g-,\,.ol f—@J’U)SJé—J

regions, called\introns.
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MUTATIONS —
Mutagenic Agents

2V 5300

iy
« Mutations can be §pontaneouslof induced by mutagenic agents.

= The main mutagenic agents are:

1. Chemical agents,
2. Physical agents and

3. Viruses
VST
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CHEMICAL AGENTS Tra asrames Lrversey

* Chemical mutagens agents are CWrmounds that cause local changes in the nucleotide sequence.

They are classified according to their mode of action into:

ogenous bases that differ in the

lication in place of the
tead of adenine

1 (Base analogues or tautomer of nitrogenous bases: Yhese are isomers of mitr
position of the functional group. They are incorporated into DNA during rep i
correspopding base For example, 5-bromouracil instead of thymine or 2 -aminopurine Ins

C | ;M.oy « . ing them from
¢ f terlayer agents:\These dre flat molecules that insert between two base pairs of DNAs, separating them

each other. During replication, they can cause insertions or deletions in DNA, leading to mytations by 4
romide an

changing the reading pattern. Examples: acridine (acridine drange), benzopyrene, ethidiuh bromid

ottt D DL o3l i D ©

( 3. [Modificatioh of nitrogenous bases) they remove oF add groups to,nitrogenous bases. For example/nitrous aci
causes the removal of the amino group from bases, and adds methy! or ethyl groups to bases. ,
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PHYSICAL AGENTS sl @

@ @
= Physical agents qget _gggs&nlgtations are both ionising and non-ionising, and Eeat.)

@ lonising radiation, such as X-rays, gamma rays, alpha radiation, and beta radiation, cause the
loss of electrons from some DNA atoms in the form of highly reactive ions. They ca\ﬁ to

base maodifications and can also cause structural chromosomal alterations, such as
chromosome breaks and translocations. Nop-ionising radiation, mainly ultraviolet radigtion,

causes point mutations. P oSl o
N g,
@Thermal flucttations, such as exposure to temperatures above 37°C, cause point mutations in

- DNA, such as the loss of purine bases (depurination), or the loss of amino groups from pases
(deamination). . B |/
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* Viruses are ,
also muta :
development of 50megtemzsagf9m5. In humans, infection with several viruses has been linked to the
ypes of cancer. They are referred to ag ongemg viruses of oncovirus¢s. There are

sIx major families oo .
Hepatitis B, Herpe(sj\f/i(r)l?sc-%ggi/mc v1ruse§{F|ve qf these families a viruses (Polyomaviras, Adenovirus,
and Papillomavirus); while the sixth family (Retroviruses) have RNA as their

genetic material.

a RetIOVlrUSeS or RNA V.I i
Iruses can insert thEI genO eata ' . ‘
b ! I 10 p ace C'Ose toa
Cha, ge Inits |Uncl|0n : ’tl |

“ONA viruse} b b
Lh,[g@;ﬁf promote cancer by producing proteins that hijack and inactivate tumor suppressor genes

nd retindblastoma protein, leading to uncontrolled cell growth, genomic instability, and the

potential for tumor forphation.
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TYPES OF MUTATIONS st ©

e types of mutations, such as by how they are produced, what they
by the amount of material affected.

affect, the effect they produce, or,

; _ )‘;Aﬁlinﬁ;&,\i;xw»mw\ .
@ According to their production miethod (SpontaneQus vs. Induced by a mutagenic agent
@ According to which genetic material they affect (Structural chromosomal mutations vs. GW)

% Structural chromosomal mutations: these affect fragments of the chromosomes. Translocations, duplications,

inversions, insertions and deletions can occur.

3 Gene mutations; may or may not cause a hange in t i attern of genes. They can be substitutions,

insertions, or deletions.
« Insertions, or deletions generally cause a change in the reading frame of the gene, resulting in the generation of a different

polypeptide chain from the insertion point.
« The substitutions are replacements of one nucleotide for another, which can lead to a change in the amino acid they encode
It in amino acid changes are calledw

The substitutions that do not resu
lehias/ nseCTee €
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« There are many ways to classify th




TYPES OF MUTATIONS

3. According to their effect
= Not all nucleotide sequence changes lead to changes in the amino acid sequence Of fundio—n—?f .

proteins encoded by the affected genes.
(P Silent Mutati s — the nucleotide sequence change does not result in an amino acid change in the protein.
gecoes o8

@ Ws - cause a change of one amino acid to another.

W - cause a change from a coding codon to a stop codon.
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TYPES OF MUTATIONS

@ According to the affected cells
at are located only in the DNA of somatic cells are called somatic mutations. Somatic

= Mutations th
sociated with tumour aggressiveness or response

mutations usually occur in tumour cells and may be as

to a particular therapy.
A mutation can also originate randomly in germline cells of an individual. It can therefore be passed on
to descendants. Thus, this inherited mutation will be present in all cells of the individual's body. These

types of mutations are called germline mutations. Germline mutations can predispose a carrier individual

to the development of cancer.
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DNA Replication

= Replication Process: The duplication of the

DNA molecule before cell division Fose duiuciiee DNA polymerase
« Carried out by a series of enzymes — T‘P
« Directionality: Replication is always in the ¥

5' to 3' direction, with leading and lagging &

strand synthesis. N — Leading strand
« because the two strands are anti-parallel Orgna! Hellcase

(they runin opposite directions) the two ﬁ"fm’ ‘/L;’xv i -

new strands are synthesised in opposite i

directions. g - r r /
=« The point where the two strands are split === Adenme i 1N "

is called the replication fork - Ot

amm Guanne DNA polymerase Original (template) DNA strand
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DNA is consta
Als ntly exposed to dama
maintain genome stability. ey

UV light, chemicals, replication errors). Repair is essential to

- TO
compensate for the degree and
DNA Darmage ONA Doy

types of DNA d
amage that occur, cell e

h : - cells Keronn i £ "
ave developed multiple repair p—

processes. 6
. Cells may have evolved to proceed '

into apoptosis or senescence if

ogerwhelmmg damage occurs rather damage - »

than expend energy to effectively ' — : g
* The ratg at which a cell is able to make
repairs is contingent on factors
including cell type and cell age. ‘

repair the damage.
DNA Repa#

Cell vt
Damaged |
DNA
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(VA= Fomas Lindahl, Paul Modrich and Aziz

4_05,-5 Sancar were awarded the Nobel Prize in
‘*{m{) Chemistry 2015 for having mapped and
explained how the cell repairs its DNA and
safeguards the genetic information.

Tomas L ngah Paul Modrich Azlz Sancer

The Nobel Prize in Chemistry 2015 was awarded
jointly to Tomas Lindahl, Paul Modrich and Aziz
Sancar “for mechanistic studies of DNA repair”

The 2015 Nobel Prize in Chemistry The Discovery of Essential Mechanisms that Repait DNA Damage - PublMed (nih.govl
The Nobel Prize in Chemistry 2015 - Popular informatio n - NobelPrize.org
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DNA Repair Mechanisms
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Base excision repair 1 . » ‘ o0
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DNA Repair Mechanisms

2. Nucleotide Excision Repair (NER): v 4

Nucleotide excision repairs DNA-injuries caused
by UV radition or carcinogenic substances like

R et
Lo . Removes bulky lesions, such as UV~ these bound incigarete smake
-

oo mﬂged thymine dimers. % e
VL 04C Example: Xeroderma pigmentosum (a

genetic disorder caused by NER W mi’
defects). &) Ra1%) %,
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3. Mismatch Repair (MMR) Mismatch repair
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DNA Repair Mechanisms

4. Homologous Recombination (HR) and Non-Homologous End Joining (NHEJ):
= Repair of double-strand breaks.

= HR uses a sister chromatid for repair; NHEJ directly ligates the broken ends.

Homologous recombination ~ Non-homologous end joining

b S Wi 5 i e
Ty Py
Strand invasion, poncaronnnuegih ¢
g 021100 l End processing
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Homologous recombination ~ Non-homologous end joining

R T R e e 1 i wan . g RSN
Strand invasion, MESm—— S '
ligation J End processing
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* Uses asister chromatid (a similar or identical DNA ~ * Directly joins the broken ends of DNA without using a
strand) as a template to accurately repair the break. template.
* This method is precise because it copies the correct * Faster but can be more error-prone because it sometimes
sequence from the undamaged DNA strand. leads to small insertions or deletions at the repair site.
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= Besides base excision repair, nucleotide excision repair, and mismatch repair, there are several other mechanisms
that maintain our DNA.

= Every day, they fix thousands of occurrences of DNA damage caused by the sun, cigarette smoke or other
genotoxic substances; they continuously counteract spontaneous alterations to DNA and, for each cell division,
mismatch repair corrects some thousand mismatches.

= Our genome would collapse without these repair mechanisms. If just one component fails, the genetic
information changes rapidly and the risk of cancer increases.

= Congenital damag.e.to the nucleotide excision repair process causes the disease xeroderma
plgmentosum, individuals who suffer from this disease are extremely sensitive to UV radiation and develop skin
cancer after exposure to the sun.

« Defects in DNA mismatch repair increase the risk of developing hereditary colon cancer, for instance.

= In fact, in many forms of cancer, one or more of these repair systems have been entirely or partially switched off.
This makes the cancer cells’ DNA unstable, which is one reason why cancer cells often mutate and become
resistant to chemotherapy. At the same time, these sick cells are even more dependent on the repair systems that
are still functioning; without these, their DNA will become too damaged and the cells will die. Researchers are
attempting to utilise this weakness in the development of new cancer drugs. Inhibiting a remaining repair system
allows them to slow down or completely stop the growth of the cancer.

= One example of a pharmaceutical that inhibits a repair system in cancer cells is olaparib (PARP inhibitor).
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Pharmaceutica| Applications g
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Significance in Drug Development
* Cancer Treatme

nt:M ; Bk
DNA damage. any cancer therapies (e.g, radiation, chemotherapy) work by inducing

.“l\. | g Pal m “. m f h men f h

* Example: PARP Inhibi
’eCOmbinatio:).lnhlbltors for BRCA-mutated cancers (affecting DNA repair via homologous

u lalgetlng DNA Repail Fathways: that
as that blOCk epai [ in) | A
) D J [ r path S
lllduce DNA P ; pathway (e'g., Mismatch Repa") Incre I t t

] . . . . .
Example: Tumor cells with defective MMR are more sensitive to immunotherapy.
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= Pharmacogenomics: Tailoring treatments based on a patient's DNA repair capacity.

» Pharmacogenomics involves designing treatments based on an individual's genetic makeup, particularly their
ability to repair DNA damage. Some people may have mutations in genes involved in DNA repair, such as
BRCA1 or BRCA2, which affect how their cells respond to DNA damage.

« BRCA1 and BRCA2 are breast cancer genes that play a key role in repairing damaged DNA, specifically through
Homologous Recombination (HR)./f hese genes help prevent mutations that could lead to cancer.

« Genetic mutations in DNA repair genes (like BRCA1/BRCA2) inform the selection of therapies, particularly in
oncology.

« For example, mutations in BRCA1/BRCA are associated with defective HR repair, making those patients more
vulnerable to certain cancers (e.q., breast or ovarian cancer).Treatments like PARP (Poly (ADP-ribose)
Polymerase) inhibitors are designed for patients with these mutations because they block alternative repair
mechanisms, forcing cancer cells to die when they cannot repair their DNA. Understanding whether a patient’s

cancer involves defective HR or reliance on NHEJ helps oncologists choose therapies that specifically exploit
these weaknesses in cancer cells.
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