Chapter 16: Mutation, Repair, and Recombination
Introduction
· Genetic variants:  individuals that show phenotypic differences in one or more particular characters
· 2 major processes responsible for genetic variation: recombination and mutation
· Mutation: change in DNA sequence of a gene
· Important because ultimate source of evolutionary change
· Mutations provide the raw material for evolution and thus the introduction of a low level mutation must be tolerated
· DNA replication and repair mechanisms can actually introduce mutations
· Most serious type of DNA damage is a double stranded break 
· However, this is also an intermediate step in the normal process of recombination through meiotic crossing over!
16.1 The Phenotypic Consequences of DNA Mutations
· Point mutation: alteration of a single base pair of DNA or small number of adjacent base pairs
· 2 main types of point mutations:  Base substitutions and base insertions and deletions
· Base substitutions
· Mutation in which one base pair is replaced by another
· Can be divided in 2 types: transitions and transversions
· Transition: purine-purine or pyrimidine-pyrimidine mutation
· A to G or G to A  // C to T or T to C
· Transversions: purine to pyrimidine or pyrimidine to purine mutation
· From C to A, C to G, T to A, or T to G
· From A to C, A to T, G to C, or G to T 
· Insertion or deletion mutations are actually insertions or deletions of nucleotide pairs
· Synonymous mutations
· The mutation changes one codon for an amino acid into another codon for that same amino acid
· Missense mutations
· The codon for one amino acid is changed into a codon for another amino acid
· Conservative substitution: change of amino acid into another one with similar properties
· Non-conservative substitution: amino acid replaced by a chemically different amino acid
· Nonsense mutations
· The codon for one amino acid is changed into a stop codon
· The closer a nonsense mutation is to the 3′ end of the open reading frame (ORF), the more plausible it is that the resulting protein might possess some biological activity
· Single-base-pair changes that inactivate proteins are often due to splice site mutations
· Indel mutations may have consequences on polypeptide sequence that extend far beyond the site of the mutation
· The sequence of mRNA is read by the translational apparatus in frame, three bases (one codon) at a time
· Addition or deletion of a single base pair of DNA changes the reading frame for the remainder of the translation process
· Alters all codons from indel until a stop codon is encountered
· These lesions are called frameshift mutations
· Result in complete loss of normal protein structure and function
· Point mutations in coding regions can alter protein structure with or without altering mRNA size
· Point mutations in regulatory regions can prevent the synthesis of mRNA (and protein)
· The parts of a gene that do not directly encode a protein contain many crucial DNA binding sites for proteins interspersed among sequences that are nonessential to gene expression or gene activity
· Functional consequences of any point mutation in such a region depend on whether the mutation disrupts (or creates) a binding site.
· Mutations that disrupt these sites have the potential to change the expression pattern of a gene by altering the amount of product expressed
· Such regulatory mutations will alter the amount of the protein product produced but not the structure of the protein
· Alternatively, some binding-site mutations might completely obliterate a required step in normal gene expression (such as the binding of RNA polymerase or splicing factors) 
· Hence totally inactivate the gene product or block its formation
· Many point mutations within noncoding sequences elicit little or no phenotypic change
· These mutations are located between DNA binding sites for regulatory proteins

16.2 The Molecular Basis of Spontaneous Mutations
· Spontaneous mutations are naturally occurring mutations and arise in all cells
· Induced mutations arise through the action of certain agents called mutagens that increase the rate at which mutations occur
· Mutation is a random process
·  Any allele in any cell may mutate at any time
· Spontaneous mutations arise from a variety of sources
· One source is the DNA replication process
· Also arise in part because DNA is a very labile molecule and the cellular environment itself can damage it
· Errors in DNA replication
· An error in DNA replication can result when an illegitimate nucleotide pair forms in DNA synthesis
· Leading to a base substitution
· May be either a transition or a transversion
· Transitions
· Mismatches can be due to tautomerization and when one of the bases becomes ionized
· Errors are frequently corrected by the proofreading (editing) function of bacterial DNA pol III
· Transversions
· The creation of a transversion by a replication error would require, at some point in the course of replication, the mispairing of a purine with a purine or a pyrimidine with a pyrimidine
· Replication errors can also lead to frameshift mutations
· Certain kinds of replication errors can lead to indel mutations
· These insertions or deletions produce frameshift mutations when they add or subtract a number of bases not divisible by three (the size of a codon) in the protein-coding regions
· Spontaneous lesions, naturally occurring damage to the DNA, can generate mutations
· Two of the most frequent spontaneous lesions result from depurination and deamination
· Depurination 
· Loss of purine base
· Consists of the interruption of the glyosidic bond between the base and deoxyribose
· And subsequent loss of adenine or guanine residue from DNA
· DNA backbone remains intact
· Deamination of cytosine yields uracil 
· Unpaired uracil residues will pair with adenine in replication 
· Oxidatively damaged bases represent a third type of spontaneous lesion that generates mutations
· Examples: O2- , H2O2 and hydroxyl radicals
· A number of these human disorders are due to duplications of short repeated sequences

16.3 The Molecular Basis of Induced Mutations
· The production of mutations in the laboratory through exposure to mutagens is called mutagenesis
· Organism is said to be mutagenized 
· Mechanism of mutagenesis
· Mutagens induce mutations by at least 3 different mechanisms:
· They can replace a base in DNA
· Alter a base so that it specifically mispairs with another base
· Damage a base so that it can no longer pair with any base under normal conditions 
· Incorporation of base analogs 
· Chemical compounds similar to normal nitrogen bases of DNA and they are occasionally incorporated into DNA in place of normal bases 
· Such compounds are called base analogs 
· Base analogs cause mutations by causing incorrect nucleotides to be inserted opposite them in replication 
· One widely used base analog is 2-AP (2-amino-purine) 
· Can pair with thymine but can also mispair with cytosine when protonated
· Causes transitions almost exclusively
· Specific mispairing 
· Mutagens are not incorporated into the DNA but instead alter a base in such a way that it will form a specific mispairs
· Certain alkylating agents such as EMS and NG operate this way
· Intercalating agents 
· These agents are planar molecules that mimic base pairs and are able to slip themselves in (intercalate) between the stacked nitrogen bases at the core of the DNA double helix
· Agent can cause an insertion or deletion of a single nucleotide pair
· Base damage
· A large number of mutagens damage one or more bases, and so no specific base pairing is possible
· Result is a replication
· Because DNA synthesis will not proceed past a base that cannot specify its complementary partner by hydrogen bonding
· Replication blocks can cause further mutation will be explained later in the chapter
· Ultraviolet light generates a number of distinct types of alterations in DNA, called photoproducts
· Ionizing radiation results in the formation of ionized and excited molecules that can damage DNA
· Ionizing radiation can also damage DNA directly rather than through reactive oxygen species 
· Such radiation may cause breakage of the N-glycosydic bond
· This leads to the formation of apurinic or apyrimidinic sites, and it can cause strand breaks
· SUMMARY:
· Mutagens induce mutations by a variety of mechanisms 
· Some mutagens mimic normal bases and are incorporated into DNA, where they can mispair
· Others damage bases and either cause specific mispairing or destroy pairing by causing nonrecognition of bases
· Not all carcinogens are themselves mutagenic
· Rather some carcinogens’ metabolites produced in the body are actually the mutagenic agents
· Ames test
· Uses several strains of the bacterium Salmonella typhimurium that carry mutations in genes involved in histidine synthesis
· Strains are auxotrophic mutants  
· i.e. they require histidine for growth – but cannot produce it
· The method tests the capability of the tested substance in creating mutations that result in a return to a "prototrophic" state 
· So that the cells can grow on a histidine-free medium
· The bacteria are spread on an agar plate with small amount of histidine 
· This small amount of histidine in the growth medium allows the bacteria to grow for an initial time and have the opportunity to mutate
·  When the histidine is depleted only bacteria that have mutated to gain the ability to produce its own histidine will survive
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16.4 Biological Repair Mechanisms
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