III. Applied Genetics - Chapter 27 

         

A.  Mutations

                     1. Sudden change in the structure or the amount of genetic material

                     2. Most mutations are harmful; some have no effect, others are     beneficial  

                     3. Beneficial mutations are the sourceof variations that allow specifics to adapt to changing environments 

                     4. First individuals showing new traits are called mutants 

                       5.   Kinds of Mutation

                              a. Chromosomal mutation is an abnormal change in the structure of all or  part of a chromosome, or in the number of chromosomes that an organism has.

                                  1. Translocation is the transfer of a part of a chromosome to a nonhomologous chromosome

                                  2. Inversion occurs when a piece of chromosome is rotated

                                  3. Addition occurs when a piece of a chromosome breaks off and attaches to a homologous chromosome

                                  4. Deletion occurs when a piece of a chromosome breaks off

                                  5. Nondisjunction addition or loss of a whole chromosome occurs because chromosomes that normally separate during meiosis remain together

                                  6. Polyploidy cells have some multiple of the normal chromosome number because chromosomes do not separate normally during meiosis or mitosis; commonly occurs in plant cells producing plants or fruits that are larger than normal

                                b.  Gene mutation is a change that affects a gene on a chromosome such that the base sequence is altered thereby altering the message transcribed into mRNA which in turn changes the structure of the protein that the cell makes; occur randomly from time to time in all cells; usually recessive. 

                                       1. Point mutation involves a single nucleotide by substitution which changes one of the amino acids

                                        2. Frameshift mutation occurs when a nucleotide is added or removed changing all the triplet codons beyond that point

                                 c.  Jumping genes move or jump from chromosome to chromosome; they are mobile during replication.  When a gene takes a new position it often causes an inactivation of the gene that it is near.

                       6.  Mutations are heritable in a sexual reproducing organism when they occur in the DNA of a gamete; mutations that occur in body cells normally cannot be inherited in sexual organisms.

                    7. Causes of Mutations

                         a. random errors in replication of DNA

                         b. environmental factors (mutagens)

                             1. X-rays

                             2. ultraviolet light

                             3. chloroform

                             4. mustard gas

                             5. other chemicals including benzene and nitrous acid

        
 B.  Human Genetic Disorders

                      1. Studies done differently than in plants and lower animals because generation time is long, the number of offspring produced is too small, and no controlled experiments are possible.

                      2. Tracing the appearance of traits in families over several generations is done utilizing a pedigree chart.

a. Sex-Linked Disorders

    1. Hemophilia – blood is unable to clot because it lacks a certain blood clotting protein; recessive gene is carried on X chromosome

    2. Duchenne Muscular Dystrophy – muscle tissue of affected individuals begins to break down during childhood; recesive gene on the X chromosome

  b  Autosomal Genetic Disorders

      1. Sickle-Cell Disease (Anemia) – recessive inherited disorder in which the red blood cells have an abnormal sickle shape; disease is caused by the change of one base in the gene that controls the production of one polypeptide chain in the hemoglobin molecule.

      2. Phenylketonuria (PKU) – recessive inherited disorder in which the enzyme that breaks down pheylalanine is missing resulting in chemicals that can damage the brain and cause mental retardation.

      3. Tay-Sachs Disease – recessive inherited disorder that damages the brain from a build up of lipids in the brain cells.

      4. Cystic Fibrosis – recessive inherited disorder that causes a thick mucus that clogs and damages the lungs.

      5. Huntington Disease – dominant allele causes this inherited disorder which results in progressive damage to brain cells.

    c. Chromosomal Disorders – caused by nondisjunction

        1. Down Syndrome – results from an extra copy of chromosome 21 producing mental retardation and physical abnormalities

        2.  Turner Syndrome - results from the presence of only one sex chromosome, the X, producing a female with undeveloped sexual characteristics

        3.  Klinefelter Syndrome  - each cell has two X chromosomes and one Y producing a male with undeveloped sexual characteristics.

3. Detecting Genetic Disorders

    a. Karyotyping – chromosomes in a cell undergoing mitosis arephotographed and the chromosomes studied.

    b. Amniocentesis - sample of amniotic fluid is extracted and the chromosomes of the fetus are studied

    c. Chorionic villus sampling – sample of chorion of placenta is removed and the chromosomes of the fetus are studied

    d. Ultrasound – the size and position of a developing fetus is determined using high-frequency sound waves

    e. Fetoscopoy – allows direct observation of fetus and tissues in situ by  insertion of an endoscope through which samples for analysis may also be obtained

         
C. Genetic Engineering
                        1.  Breeding Methods

                             a. Selection – choosing organisms with the most desirable traits for mating and then progressively choosing only the offspring with the desired traits for further mating

                             b. Inbreeding – mating of closely related individuals to obtain desired characteristics, decreasing variation in a population

                             c. Hybridization – individuals who are not closely related are mated to introduce new, beneficial alleles into the population; hybrid vigor

                             d. Mutations – naturally occurring mutations are used by breeders to improve stock; mutations may be reproduced by vegetative propagation 

                        2.  Methods of Genetic Engineering

                   a. Cutting, separating and splicing together DNA sequences in any order with the use of restriction enzymes

                             b. DNA fragments may be combined with bacterial DNA called plasmids at “sticky ends” producing recombinant DNA

                             c. Recombinant DNA-containing cells then cloned

                             d. DNA sequence of base pairs is read

                        3.  Applying Genetic Engineering 

                             a. Cloned bacteria produce proteins that can produce products needed by humans

                                1. Interferon – protein that helps the body fight off viruses

                                2. Insulin – hormone used to treat diabetes

                                3. Clotting Substances – used to treat hemophiliacs

                             b. Replacement of defective genes is called gene therapy

                         4. The Human Genome Project

                             a. All the genes possessed by humans comprise over 100,000 each with at least 10,000 nucleotides

                              b. Human Genome Project has decoded the genes of human heredity

                     5. Ethics and Human Genetics

                                 What is the proper way to use human genetic information?

