Key Concepts 

Section 5
MUTATIONS
Mutations create new genetic variation


Heritable change in DNA


Point mutation: change in one nucleotide


Chromosome aberrations can alter many genes

Categories of mutations
in multicellular organisms


germ-line mutations: in cells that ultimately form gametes


somatic mutation: all others


Substitution, deletion and insertion mutations
Point mutation: most common 

Change only one or a few base pairs

Substitution mutation: one base pair substituted for another



Substitutions written: G ( A


Insertion mutation: one or more nucleotides inserted in DNA


Deletion mutation: one or more nucleotides deleted from DNA



Frameshift mutation: reading frame shifted by insertion or deletion 


mutation



many deletion or insertion mutations shift reading frame



frameshift mutations may change many amino acids


Base substitutions are of two types


Transition mutation: purine ( purine, pyrimidine ( pyrimidine


Transversion mutation: purine ( pyrimidine,  pyrimidine ( purine


Base substitutions can cause missense, nonsense, and same-sense 
mutations


Missense mutation: amino acid sequence changed


Nonsense mutation: creates termination codon


Same-sense mutations (silent mutation)



changes codon, but still specify the same amino acid


GUG ( GUA (same-sense) both encode valine

Phenotypic Effects of Mutations

Effects depend on several factors



which amino acids changed 



number of amino acids altered



specific changes in amino acid sequence


Silent mutations



no phenotypic effect

Neutral mutations 



alter amino acid sequence but do not alter the function of the protein


Loss-of-function mutations



reduce or eliminate function of protein



most genetic disorders of humans


Gain-of-function mutations



gene produces more functional product



usually occur in regulatory regions



more rare than loss-of-function mutations



cancers often due to gain-of-function mutations


Conditional mutations



temperature-sensitive (ts): growth prevented at higher temperature



cold-sensitive (cs): growth prevented at lower temperature


Lethal mutations

Forward and reverse (reversion) mutations

Forward mutation



changes common gene to mutant form



changes common DNA sequence to mutant sequence


Reverse mutations



known as a reversion



less frequent than forward mutations



changes in specific locations restore function of protein


Suppressor mutations: mutation in another gene compensates for function loss 

Causes of mutations

Spontaneous vs. induced


spontaneous: event that caused mutation is unknown


statistically random event


every gene mutates at a characteristic rate (#mutations/gene/generation)


unrelated to any adaptive advantage

Induced


induced by a mutagen

Chemical mutagens



Base analogs: similar to bases of DNA



incorporated into DNA during replication




5-bromouracil (5-BU) 





analog of thymine





frequent keto-enol configuration shifts



Base modifying agents




Alkylating agents





add methyl and ethyl groups on all DNA bases





effective in eukaryotes





EMS, mustard gas, PAHs (polycyclic aromatic 





hydrocarbons: found in smoke of all kinds)




Deaminating agents





affects cytosine and adenine





nitrous acid



Oxidative reactions




reactive forms of oxygen produced by normal aerobic metabolism




superoxide radicals, hydrogen peroxide, hydroxyl radicals



Intercalating agents




ethidium bromide 




agents insert between DNA bases




single base insertions or deletions frequently cause frameshift 



mutations


Radiation



UV non-ionizing radiation excites electrons



DNA absorbs UV 




pyrimidines are particularly sensitive to UV 




most common: thymine dimers



Ionizing radiation creates free radicals




include: X-rays,  rays




indirect damage by free radical formation




free radicals highly reactive with DNA




can break phosphodiester bonds in both strands





one-strand break can be repaired





two-strand break difficult to repair




mutagenic effects are cumulative




detoxification of free radicals





superoxide dismutase





catalase


REGULATION OF GENE EXPRESSION

Five levels of gene regulation


Chromatin modifications


Chromatin remodeling



DNA methylation



Histone acetylation


Transcriptional regulation


Control of RNA processing

Translational regulation


Posttranslational regulation

Most genes and products regulated at all five levels
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