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 (CHAPTER 16- Brooker Text)
 Gene Mutation
 October 11, 2007BIO 184
 Dr. Tom Peavy
 • The term mutation refers to a heritable change in the genetic material
 • Mutations provide allelic variations– On the positive side, mutations are the foundation for
 evolutionary change– On the negative side, mutations are the cause of many
 diseases
 • Since mutations can be quite harmful, organisms have developed ways to repair damaged DNA
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 • Mutations can be divided into three main types– 1. Chromosome mutations
 • Changes in chromosome structure– 2. Genome mutations
 • Changes in chromosome number– 3. Single-gene mutations
 • Relatively small changes in DNA structure that occur within a particular gene
 • Point mutation = change in a single base pair – base substitution
 Gene Mutations Change the DNA Sequence
 5’ AACGCTAGATC 3’3’ TTGCGATCTAG 5’
 5’ AACGCGAGATC 3’3’ TTGCGCTCTAG 5’
 Transition = change of a pyrimidine (C, T) to another pyrimidine or a purine (A, G) to another purine
 Transversion = change of a pyrimidine to a purine or vice versa
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 • Mutations may also involve the addition or deletion of short sequences of DNA
 5’ AACGCTAGATC 3’3’ TTGCGATCTAG 5’
 5’ AACGCGC 3’3’ TTGCGCG 5’
 5’ AACGCTAGATC 3’3’ TTGCGATCTAG 5’
 5’ AACAGTCGCTAGATC 3’3’ TTGTCAGCGATCTAG 5’
 Deletion of four base pairs
 Addition of four base pairs
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 • Mutations can also be described based on their effects on the wild-type phenotype = variant
 – Deleterious mutations decrease the chances of survival• The most extreme are lethal mutations
 – Beneficial mutations enhance the survival or reproductive success of an organism
 – Conditional mutants affect the phenotype only under a defined set of conditions
 – Neutral mutations are changes in the amino acid sequence but do not affect the function of the protein
 • A second mutation will sometimes affect the phenotypic expression of another
 - suppressor mutationsIntragenic vs Intergenic
 • Reverse mutation= exact reversal of a point mutation
 • Mutations can also affect gene expression, splice sites & introduce repeats
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 • Mutations can occur spontaneously or be induced
 • Spontaneous mutations– Result from abnormalities in cellular/biological processes– Chemical changes of the bases (depurination,
 deamination, tautomeric shifts)– Result in DNA replication errors
 • Induced mutations – Caused by environmental agents– Agents that are known to alter DNA structure are termed
 mutagens (chemical or physical agents)
 OCCURRENCE AND CAUSES OF MUTATION
 Figure 16.10
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 Figure 16.10
 Temporary tautomeric shift
 Shifted back to its normal fom
 • An enormous array of agents can act as mutagens to permanently alter the structure of DNA
 • The public is concerned about mutagens for two main reasons:– 1. Mutagens are often involved in the development of
 human cancers– 2. Mutagens can cause gene mutations that may have
 harmful effects in future generations • Mutagenic agents are usually classified as
 chemical or physical mutagens
 Types of Mutagens
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 • Chemical mutagens come into three main types
 – 1. Base modifiers covalently modify the structure of a nucleotide • Examples: Nitrogen mustards and ethyl methanesulfonate (EMS)
 disrupt the appropriate pairing between nucleotides by alkylatingbases
 – 2. Base analogues become incorporated into daughter strands during DNA replication (e.g. 5-bromouracil is a thymine analogue)
 – 3. Intercalating agents contain flat planar structures that intercalate themselves into the double helixWhen DNA containing these mutagens is replicated, the daughter strands may contain single-nucleotide additions and/or deletions (e.g. ethidium bromide, acridine dyes, proflavin)
 Mutagens that Alter DNA Structure
 • Physical mutagens come into two main types – 1. Ionizing radiation– 2. Nonionizing radiation
 • Ionizing radiation – Includes X rays and gamma rays– Has short wavelength and high energy– Can penetrate deeply into biological molecules– Creates chemically reactive molecules termed free radicals– Can cause
 • Base deletions• Single nicks in DNA strands• Cross-linking• Chromosomal breaks
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 • Nonionizing radiation – Includes UV light– Has less energy– Cannot penetrate deeply
 into biological molecules– Causes the formation of
 cross-linked thymine dimers
 – Thymine dimers may cause mutations when that DNA strand is replicated
 Figure 16.15
 Ames Test for Mutagenicity
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 • Since most mutations are deleterious, DNA repair systems are vital to the survival of all organisms– Living cells contain several DNA repair systems that can
 fix different type of DNA alterations
 • In most cases, DNA repair is a multi-step process– 1. An irregularity in DNA structure is detected– 2. The abnormal DNA is removed– 3. Normal DNA is synthesized
 DNA REPAIR
 DNA Repair Systems
 • Direct repair by specific enzyme(i.e. photolyase recognizes and repairs thymine dimers)
 • Base excision repair --nick created and then new synthesis of a segment
 (e.g. Xeroderma pigmentosum)
 • Methyl-directed mismatch repair
 • Recombinational repair
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 Xerodermapigmentosum
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