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Objectives
1. Define mutation and contrast somatic vs. germline mutations.
2. Classify the types of mutations and their severity.
3. Recognize how mutations occur.
4. Describe three mechanisms by which DNA is repaired.

Outline
A. Mutations

1. Types of Mutations
a. Effects

2. Mechanisms of Mutation
a. Spontaneous
b. Mutagens

B. DNA Repair
1. p53

A. Mutations
• Changes in genetic material (DNA)

• i.e., Nucleotide sequence changed

• change in the genotype

• Effects on phenotype (mutant)

• No effect

• Reduce/Increase amount of protein

• Prevent production of protein

• Loss of gene function

• Hamper control of genes
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• somatic mutation

• can be cancerous

• germline mutation (constitutional)

• heritable
 

 1. Types of Mutations

• Point mutation

• Transition

• Transversion
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• Frameshift

• Deletion/Insertion

• Tandem Duplication
 

 a. Effects
• Point Mutations

• Silent mutation

• Redundancy in genetic code

• Missense

• Change in single amino acid
• e.g., β-globin in sickle cell anemia

 

• Change in promoter
• e.g., Becker muscular dystrophy

• Nonsense

• Change to stop codon
• e.g., Factor XI hemophilia
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• Deletion/Insertion

• Frameshifts

• Triplet codons not read properly

• One or two nucleotides shift beginning of codon

• protein sequence after frameshift completely changed
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• Deletion/Insertion

• Removing or adding nucleotides in multiples of three

• Amino acids added/deleted, but remaining codons unaffected

 

• Expanding Triplet Repeats

• Causes protein misfolding

• Generally dominant

• Can even affect intron
 

 



6

• Tandem Duplication

• Complete gene duplicated

• Conditional mutation

• phenotype expressed only in proper environment.

 

 2. Mechanisms of Mutation

 a. Spontaneous

• Accident in DNA replication

• Tautomeric state of nitrogenous base

• Once every 105–109 bases

• More common in mitochondrial DNA
• No DNA repair mechanism
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• Extremely common in viral genomes

• Viral polymerases more mistake prone

• Do not occur evenly throughout genome
 

• nucleotide repeats

• palindromes
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 b. Mutagens

• Increase mutation rate 10-1000x

• Chemical
• Alkylating agents

• Randomly replace DNA base

• Intercalating agents

• Slip between bases

• Cause insertion/deletion of bases

• e.g., acridine dyes, aflatoxin
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• Base analogs

• Less precise pairing properties

• e.g., 5-bromouracil pairs A, C

• Nitrous acid

• Causes A to pair with C

 

• Physical

• Ionizing Radiation

• Ionize DNA

• Results in replication errors

• Break covalent bonds

• Cause chromosome breaks

• e.g., X-rays, alpha, beta, gamma rays

• UV radiation

• Produce thymine dimers

• Prevent transcription, replication
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 B. DNA Repair

• DNA polymerase very accurate

• 1 mistake in 108 bases

• Mismatch Repair

• New DNA strand proofread and repaired
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• Photoreactivation

• Photolyase uses visible light to break thymine dimers

• Excision Repair

• Excision enzyme removes thymine dimer and adjacent bases

• DNA polymerase adds new bases

• Ligase covalently bonds the sugar-phosphate backbone
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• Two types

• Nucleotide Excision Repair

• Repairs a variety of mistakes

• Base Excision Repair

• Repairs damage from free radical oxygen

 1. p53

• Protein that controls cell cycle

• Examines DNA for damage

• If too much damage:

• Induces apoptosis genes

• Shuts off p53 production


