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THINK ABOUT IT
 The sequence of bases in DNA are like the letters of a coded message.
 What would happen if a few of those letters changed accidentally, altering the message?
 What effects would you predict such changes to have on genes and the proteins for which they code?
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What are Mutations
 ● Mutations are heritable changes in genetic information.
 ● Changes in DNA or RNA
 Do you think mutations are good or bad?
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Causes of Mutations
 ● Sometimes cells make mistakes in copying their own DNA, inserting the wrong base or even skipping a base as a strand is put together
 ● RNA can be copied incorrectly during transcription
 ● The environment can also cause mutations
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Mutagens
 Some mutations arise from mutagens- anything in the environment that can change your DNA
 ● Chemical mutagens include certain pesticides, tobacco smoke, and environmental pollutants.
 ● Physical mutagens include some forms of electromagnetic radiation, such as X-rays and ultraviolet light.
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Mutagens
 ● If these mutagens interact with DNA, they can produce mutations at high rates.
 ● Cells can sometimes repair the damage; but when they cannot, the DNA base sequence changes permanently.
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Types of Mutations
 ● Germline mutations:○ Happens in gametes (sperm or eggs)○ The baby (offspring) will have a mutation
 ● Somatic mutations:○ Mutations in body cells
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Chromosomal Alterations
 ● Chromosomal mutations involve changes in the number or structure of chromosomes.
 ● These mutations can change the location of genes on chromosomes and can even change the number of copies of some genes.
 ● There are four types of chromosomal mutations: deletion, duplication, inversion, insertion, and translocation.
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Chromosomal Alterations
 Deletion involves the loss of all or part of a chromosome. Removing DNA
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Chromosomal Alterations
 Duplication produces an extra copy of all or part of a chromosome.
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Chromosomal Alterations
 Inversion reverses the direction of parts of a chromosome.
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Chromosomal Alterations
 Insertion adds part of one chromosome to another
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Chromosomal Alterations Translocation occurs when part of one chromosome breaks off and
 attaches to another.
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Chromosomal Alterations
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Point Mutations
 ● Mutations that involve changes in one or a few nucleotides (bases) are known as point mutations because they occur at a single point in the DNA sequence. They generally occur during replication.
 ● If a gene in one cell is altered, the alteration can be passed on to every cell that develops from the original one.
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Point Mutations
 ● There are three types of point mutations:
 1. Silent- nothing happens2. Missense- the codon codes for the wrong amino acid3. Nonsence- the mutated codon codes for a STOP codon too early
 Type Description Example Effect
 Silent mutated codon codes for the same amino acid
 CAA (glutamine) → CAG (glutamine)
 none
 Missense mutated codon codes for a different amino acid
 CAA (glutamine) → CCA (proline)
 variable
 Nonsense mutated codon is a premature stop codon
 CAA (glutamine) → UAA (stop) usually
 serious
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Frameshift Mutations
 A deletion of a base or an insertion of a base (a base is added or taken away)
 ● This messes up the codons● If codons are changed, different amino acids are made, and the wrong protein
 is made
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Effects of Mutations
 ● The effects of mutations on genes vary widely:○ Some have little or no effect; and ○ Some produce beneficial (good) variations○ Some negatively disrupt gene function
 ● Mutations often produce proteins with new or altered functions that can be useful to organisms in different or changing environments.
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Effects of Mutations
 ● Genetic material can be altered by natural events or by artificial means.
 ● The resulting mutations may or may not affect an organism.
 ● Some mutations that affect individual organisms can also affect a species or even an entire ecosystem.
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Effects of Mutations
 ● Many mutations are produced by errors in genetic processes.
 ● For example, some point mutations are caused by errors during DNA replication.
 ● The cellular machinery that replicates DNA inserts an incorrect base roughly once in every 10 million bases.
 ● Small changes in genes can gradually accumulate over time.
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Beneficial Effects
 ● Mutations have helped many insects resist chemical pesticides. ○ Some mutations have enabled microorganisms to adapt to new
 chemicals in the environment.○ This type of mutation has also allowed bacteria to resist certain
 antibiotics
 ● Important crop plants—including bananas, limes, and other citrus—have been produced by having multiple sets (or copies) of chromosomes
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Harmful Effects
 ● Some cancers are the product of mutations that cause the uncontrolled growth of cells.
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Harmful Effects
 Sickle Cell Anemia:● Sickle cell disease is a disorder associated with changes in the shape of red blood
 cells. Normal red blood cells are round. Sickle cells appear long and pointed.
 ● Sickle cell disease is caused by a point mutation in one of the polypeptides found in hemoglobin, the blood’s principal oxygen-carrying protein.
 ● Among the symptoms of the disease are anemia, severe pain, frequent infections, and stunted growth.
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Harmful Effects Sickle cell disease is a disorder associated with changes in the
 shape of red blood cells. Normal red blood cells are round. Sickle cells appear long and pointed.
 Sickle cell disease is caused by a point mutation in one of the polypeptides found in hemoglobin, the blood’s principal oxygen-carrying protein.
 Among the symptoms of the disease are anemia, severe pain, frequent infections, and stunted growth.
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Harmful Effects
 Missense (substitution)Achondroplasia - improper development of
 cartilage on the ends of the long bones of arms and legs resulting in a form of dwarfism
 Nonsense (substitution)Muscular dystrophy - progressive muscle disorder
 characterized by the progressive weakening of many muscles in the body
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Harmful Effects
 Deletion (causing frameshift)Cystic fibrosis - characterized by abnormally thick
 mucus in the lungs, intestines, and pancreas
 Insertion (causing frameshift)Crohn’s Disease - chronic inflammation of the
 intestinal tract, producing frequent diarrhea, abdominal pain, nausea, fever, and weight loss
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Harmful Effects Duplication
 Charcot-Marie-Tooth disease (type 1A) - damage to peripheral nerves leading to weakness and atrophy of muscles in hands and lower legs
 Expanding mutation (tandem repeats)Huntington’s Disease - a progressive disease in
 which brain cells waste away, producing uncontrolled movements, emotional disturbances, and mental deterioration
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Videos
 Amoeba Sisters- Mutations
 10 Most Shocking Animal Mutations
 https://www.youtube.com/watch?v=GieZ3pk9YVo
 https://www.youtube.com/watch?v=O_5WfI9YCqk
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