LECTURE 1

Mutation refers to a permanent change in the DNA sequence. These
changes can range from a small alteration in a single base pair to large-
scale changes like the gain or loss of entire chromosomes. DNA
mutations are fundamental to biology because they are the ultimate
source of genetic variation, providing the raw material for evolution.
Mutations can alter the structure and function of proteins in various
ways.

Mutations can occur in several regions of the genome, including:

« Exons: The coding regions of genes that determine the amino acid
sequence of proteins.

« Introns: Non-coding regions that, although not directly encoding
for proteins, play a critical role in regulating gene expression and
mRNA splicing.

« Flanking regions: The sequences that are adjacent to a gene and
help control its expression, including promoters, enhancers, and
silencers.

The location and nature of the mutation will determine whether it has
a beneficial, neutral, or harmful effect on the organism.

Causes AND Characteristics of Mutations

1. Causes of Mutations:
A. Spontaneous Mutations: These occur without external
influence and arise from:
Errors during DNA replication, where DNA
polymerase may insert incorrect nucleotides.
Natural chemical changes in the DNA, such as the
spontaneous deamination of cytosine to uracil, or the
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methylation of DNA bases, which can result in base-
pair substitutions.

B. Induced Mutations: These result from exposure to
mutagens, which can be physical, chemical, or biological
agents:

Physical mutagens: UV radiation, X-rays, gamma rays.
Chemical mutagens: Base analogs, alkylating agents,
intercalating agents.
Biological mutagens: Some viruses can integrate into
the host genome and cause mutations.

2. Characteristics of Mutations:

Mutations can be:

Beneficial: They may enhance an organism's ability to
survive and reproduce (e.g., antibiotic resistance in
bacteria).
Neutral: They have no significant impact on the
organism's fitness.
Harmful: They can lead to diseases or disorders.

3. Mutations are categorized by the cell in which they occur:
Somatic mutations: Occur in non-reproductive cells.
They are not passed to offspring but may contribute
to diseases such as cancer.
Germinal mutations: Occur in gametes (sperm or egg).
They are inheritable and passed on to future
generations, contributing to genetic variation.

TYPES OF MUTATION AFFECTING GENE

1. Point Mutations (Single base changes):
> Substitution Mutation: A single nucleotide is replaced by another.
This can lead to three types of mutations:

A. Silent Mutation: The substitution does not change the
amino acid encoded, so the protein remains unchanged.
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Example:

Normal DNA : TTT — mRNA: AAA — Lysine

Mutated DNA : TTC — mRNA: AAG — Lysine

Both codons encode Lysine, so there is no effect on the
protein.

B. Missense Mutation: The substitution leads to a change in
the amino acid, potentially altering the protein's structure
and function.

Example:

Normal DNA: TGC — Cysteine

Mutated DNA: TG6 — Tryptophan

Disease Example: Sickle Cell Disease - A single change
from glutamic acid to valine alters hemoglobin, causing it
to form abnormal shapes, leading to blockages in blood
vessels.

c. Nonsense Mutation: The substitution creates a stop codon
prematurely, causing the protein to be truncated.

Example:

Normal DNA: TGC — Cysteine

Mutated DNA: TGA — Stop codon

Disease Example: Duchenne Muscular Dystrophy - The
stop codon causes the dystrophin protein to be
truncated, impairing muscle function.

» Frameshift Mutations: These occur due to insertions or deletions
of nucleotides, which shift the reading frame of the mRNA,
resulting in a completely different protein.

b. Insertion Mutation: One or more nucleotides are inserted

C.

into the DNA sequence.
Deletion Mutation: One or more nucleotides are deleted from
the sequence.
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Example of Frameshift:

A. Normal: "The big red fox ran."
B. Frameshift: "The bgr edf oxr an.”

This changes the entire amino acid sequence downstream, often
producing a completely nonfunctional protein.

2.Gross mutations: involve significant changes that affect multiple
nucleotides or entire genes due fo rearrangements within the genome.
These mutations can occur in several ways:

1. Rearrangement within a Gene: Two mutations in the same gene
can have different effects depending on whether they are in the
cis (same chromatid) or trans (different chromatids) position.

2. Rearrangement Across Genes: Changes in the number of gene
copies between homologous chromosomes can lead to different
phenotypic outcomes if the gene numbers are unequal.

3. Gene Relocation: Movement of a gene locus, especially near
heterochromatin, can create new phenotypes. This gene
movement can occur through:

o Translocation: A gene moves to a non-homologous
chromosome.

o Inversion: A gene moves within the same chromosome but in
the opposite direction.

The Consequences of Mutations

Mutations have different consequences depending on where they occur
and how they affect the protein or gene:

1. Complete Gene Deletion: If a gene is completely deleted, the
corresponding protein may be absent, leading to a total loss of
function.
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o Example: Cystic Fibrosis: A mutation in the CFTR gene
causes the deletion of a single amino acid, leading to
dysfunction in chloride transport and thick mucus buildup in
the lungs.

2. Partial Gene Deletion: A portion of the gene is lost, leading to a
shortened or dysfunctional protein.

o Example: Duchenne Muscular Dystrophy: Partial deletions
of the dystrophin gene lead to a shortened protein,
impairing muscle function.

3. Altered Enzyme Activity: Mutations that affect the active site
of an enzyme may reduce its catalytic efficiency.

o Example: In Phenylketonuria (PKU), mutations in the PAH
gene impair the enzyme that converts phenylalanine to
tyrosine, causing a buildup of phenylalanine that leads to
brain damage if untreated.

4. Flanking Region Mutations: Mutations in the regions that control
gene expression (such as promoters or enhancers) may affect
how much of a protein is produced.

o Example: Mutations in the promoter region of a gene can
lead to either overexpression or underexpression of the
gene, disrupting normal cellular functions.
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1. What is a mutation?

Answer:

A mutation is a permanent change in the DNA sequence. It can range from a small
alteration in a single base pair to large-scale changes, such as the gain or loss of
entire chromosomes. Mutations are crucial for genetic variation and can influence
the structure and function of proteins.

2. What are the causes of mutations?

Answer:

Mutations can occur spontaneously or be induced by external factors.

« Spontaneous mutations arise from errors during DNA replication or natural
chemical changes in DNA, such as the deamination of cytosine or methylation
of bases.

o Induced mutations occur due to exposure to mutagens, which can be:

o Physical mutagens like UV radiation or X-rays.

o Chemical mutagens such as base analogs or alkylating agents.

o Biological mutagens like certain viruses that integrate into the host
genome.

3. What are the characteristics of mutations?
Answer:
Mutations can be classified as:

« Beneficial: Enhances an organism's survival, e.g., antibiotic resistance in
bacteria.

« Neutral: Have no significant impact on the organism's fitness.

e Harmful: Can lead to diseases or disorders, such as sickle cell disease or
Duchenne muscular dystrophy.

4. What is the difference between somatic and germinal mutations?
Answer:

« Somatic mutations occur in non-reproductive cells and are not passed to
offspring, although they can lead to diseases like cancer.

o Germinal mutations occur in gametes (sperm or egg cells) and are inherited
by the next generation, contributing to genetic variation
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5. What is a point mutation? Give examples?.

Answer:

A point mutation involves a single base change in the DNA sequence, leading to
various types of mutations:

o Silent Mutation: No change in the encoded amino acid.
Example: TTT — TTC (both code for lysine).

« Missense Mutation: A change in the amino acid, which may alter protein
function.
Example: TGC — TGG (cysteine to tryptophan).
Disease Example: Sickle cell disease involves a glutamic acid to valine
substitution in hemoglobin.

« Nonsense Mutation: A substitution that creates a stop codon, truncating
the protein.
Example: TGC — TGA (cysteine to a stop codon).
Disease Example: Duchenne muscular dystrophy involves a premature stop
codon that truncates the dystrophin protein.

6. What is a frameshift mutation?

Answer:

A frameshift mutation occurs due to insertions or deletions of nucleotides,
shifting the reading frame of mRNA and altering the entire protein.
Example:

o Normal: "The big red fox ran."
o Frameshift: "The bgr edf oxr an."
This change typically results in a nonfunctional protein.

7. What are gross mutations?

Answer:

Gross mutations involve large changes in the genome, affecting multiple nucleotides
or entire genes. They can occur in various ways:

« Rearrangement within a gene: Mutations within the same gene can have
different effects based on their position (cis vs. trans).

« Rearrangement across genes: Unequal gene copies between homologous
chromosomes can lead to phenotypic changes.

» Gene relocation: A gene can move within the chromosome (inversion) or to a
different chromosome (translocation).
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8. What are the consequences of mutations?
Answer:
Mutations can have several consequences depending on their nature:

o Complete Gene Deletion: Results in the loss of the corresponding protein.
Example: Cystic fibrosis.

« Partial Gene Deletion: Leads to a truncated or nonfunctional protein.
Example: Duchenne muscular dystrophy.

+ Altered Enzyme Activity: Affects the enzyme's active site, reducing its
efficiency. Example: Phenylketonuria (PKUV).

« Flanking Region Mutations: Alter gene expression, potentially causing
overexpression or underexpression of a gene. Example: Mutations in
promoter regions can disrupt normal protein production.

9. What is the effect of a silent mutation?

Answer:

A silent mutation does not alter the amino acid sequence of the protein. The
mutated codon still encodes the same amino acid, meaning the protein function
remains unchanged.

Example: TTT — TTC (both encode lysine).

10. How do physical mutagens like UV radiation cause mutations?

Answer:

UV radiation causes mutations by inducing the formation of pyrimidine dimers in
DNA, which distort the DNA structure. If not repaired, these distortions can lead
Yo incorrect base pairing during DNA replication, resulting in mutations. This can
lead to skin cancer and other genetic disorders.

11. How does a missense mutation affect protein function?

Answer:

A missense mutation changes one amino acid in the protein, potentially altering its
structure and function. Depending on the location and nature of the change, the
protein may lose its function or gain a new, harmful function.

Example: Sickle cell disease results from a missense mutation that changes
glutamic acid to valine in hemoglobin, causing the protein o misfold and block blood
flow.

12. What is a gene translocation, and how can it affect an organism?
Answer:

A gene translocation involves the movement of a gene to a hon-homologous
chromosome. This can disrupt normal gene function and lead to diseases like



LECTURE 1

certain cancers, where genes are relocated to regions of the genome that
affect

13. What is the difference between a deletion mutation and an insertion
mutation?

Answer:

o Deletion Mutation: One or more nucleotides are removed from the DNA
sequence, which may cause a frameshift or loss of protein function.

« Insertion Mutation: One or more nucleotides are added to the DNA
sequence, which can also cause a frameshift or create a nonfunctional

protein.



