II.  Modern Genetics - Chapter 26
A. Chromosomal Inheritance
1. T.H. Morgan 

    a. early 1900s 

    b. offered the first evidence based on his work with the fruit fly, Drosophila melanogaster, that genes were part of chromosomes.

    c.   awarded the Nobel Prize for his work in 1933.

    d.  D. melanogaster is a very useful experimental organism, small in size requiring small space, easy to raise, produces hundreds of offspring, has a reproductive cycle of about 14 days, and only has four pairs of chromosomes.
2.  Sex Determination

     a. 1890 cytologists observed chromosomes in cells from males and females were identical except for one pair.

     b.  the two unmatched chromosomes are known as the sex chromosomes; they determine the sex of the organism

     c.  Females have  two similar appearing sex chromosomes known as X 

     d. Males have two dissimilar appearing sex chromosomes known as X and Y

     e.  Sex is determined at fertilization and is dependent upon which sex chromosome is contained in the sperm cell that is successful in fertilizing the egg.  

          1. when a sperm carrying an X chromosome fuses with a female gamete (which can only contain an X), the zygote that results is XX and therefore female

          2. when a sperm carrying a Y chromosome fuses with a female gamete, the zytoe that results is XY and therefore male

      f. sex is determined this way in humans, other mammals, and in fruit flies

      g. in birds, butterflies, and some fish the male has the two identical sex chromosomes and the female has two different sex chromosomes; in these animals it is the egg of thefemale that determines the sex of the offspring
      h. the matched homologous chromosomes not involved in sex determination are known as autosomes 

3.  Sex Linkage

      a. Morgan discovered traits that are controlled by genes found on the sex chromosomes

      b. they are called sex-linked traits
      c. the chance of showing the trait is affected by the sex of the individual

      d. most sex-linked traits are determined by genes found on the X chromosome but not on the Y

      e. supported Sutton’s hypothesis 

      f. explains the inheritance of several human diseases and disorders that are caused by defective alleles (an abnormal allele that does not allow the body to carry out some function) that are sex-linked; the condition is more common in males than in females, females may be carriers of the disorder or have the disorder provided that they inherited the defective alleles from both parents, a relatively rare event

          1. Hemophilia – a blood-clotting disorder

          2. Muscular Dystrophy – results in the gradual destruction of muscle cells

          3. Night blindness – one form that is heritable in which nighttime vision is reduced

          4. Color blindness – a condition in which the individual cannot perceive certain colors, usually red and green

      g. Designated as a superscript on the chromosome that is linked to the disorder.

Inheritance of Color Blindness in Humans

Normal Female (XX) crossed with Color Blind Male (XCY)

	
	XC
	Y

	X
	XXC
	XY

	X
	XXC
	XY


All males have normal color vision, all females are carriers for color blindness.

Normal Male (XY) crossed with a Carrier Female (XXC)

	
	X
	Y

	X
	XX
	XY

	XC
	XXC
	XCY


1/2 females are normal, 1/2 are carriers

1/2 males are normal, 1/2 are colorblind

Carrier Female (XXC) crossed with Color Blind Male (XCY)

	
	XC
	Y

	X
	XXC
	XY

	XC
	XCXC
	XCY


1/2 females are carriers, 1/2 are colorblind

1/2 males are normal, 1/2 are colorblind

Colorblind Female crossed with Normal Male

	
	
	

	
	
	

	
	
	


Colorblind Female with Colorblind Male

	
	
	

	
	
	


4. Gene Linkage

     a. genes on the same chromosome are linked and form a linkage group and are inherited together

     b. the number of linkage groups an organism has corresponds to the number of pairs of chromosomes in the organism

     c. linked genes do not obey the Law of Independent Assortment
5. Crossing-Over

     a. linkage is not always perfect, sometimes linked genes appear to become separated

     b. pieces of homologous chromosomes may become exchanged sometime during meiosis before the chromosomes separate to go to different gametes

     c.  crossing-over occurs during synapsis of the first meiotic division when the four chromatids of each homologous chromosome pair are in close contact

     d.  chromosomes in which crossing-over has occurred are no longer identical to the chromosomes in the parent cells

     e.  crossing-over is an important source of variations in offspring

     f.   genes that are far apart from one another on the same chromosome have a greater chance of experiencing crossing-over than do genes that are close together

     g.  based on how often genes become separated by crossing-over it is possible to map the positions of genes on chromosomes
6. Multiple-Gene Inheritance 

      a. traits that vary between two extremes are not controlled by the alleles of a single gene, but by the alleles of two or more different genes

     b.  when two or more independent genes affect one characteristic it is termed multiple-gene, or polygenic, inheritance

     c.  For example, if there are two genes controlling a trait, there are nine different possible genotypes producing a range of phenotypes between the pure dominant and pure recessive extremes.

                B. The Genetic Material

                              1.  Chemistry of the Gene

                                   a. chemical nature of the gene was discovered in the 1950s

                                   b. material had been isolated from the nucleus in 1869 by Miescher which was later named nucleic acid 

                                   c. two types of nucleic acid exist

                                       1. DNA – deoxyribonucleic acid found mainly in nuclei

                                       2. RNA – ribonucleic acid found mainly in the cytoplasm

                                   d. DNA was found to be contained in the chromosomes in the 1920s, which were already known to contain protein

2.  Protein vs. Nucleic Acid

    a. Griffith in 1928 in attempting to develop a vaccine against pneumonia bacteria demonstrated that some factor from dead bacteria could transform or change bacterial types that were not infectious to a type that was infectious

    b. Avery, MacLeod,and McCarty in 1944 identified the transforming material as DNA

    c. Hershey and Chase in 1952 used bacteriophages (virus that infect bacteria) to determine whether the DNA alone was responsible for transformation by radioactively tagging the protein and the DNA separately.  Only the DNA was found to cause bacteria to make more virus particles therefore it must carry the genetic information for making the virus.
2. Composition of DNA

    The basic unit of DNA is the nucleotide, as determined by Levene in the 1920s

    a. deoxyribose – a 5-carbon sugar

    b. phosphate group

    c. nitrogenous (contains nitrogen) base

        1. purine

            a. adenine

            b. guanine

        2. pyrimidine

            a. cytosine

            b. thymine
        3. the amount of adenine in a DNA molecule is always equal to the amount of thymine, and the amount of guanine is always equal to the amount of cytosine

 3.  Structure of DNA - the Watson-Crick model

      a. X-ray crystallography studies of the DNA molecule done by Rosalind Franklin in the laboratory of Maurice Wilkins showed that the repeating units of the DNA molecule were in the form of a helix.
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      b. James Watson and Francis Crick, who along with Wilkins received the Nobel Prize in 1962, concluded that the DNA molecule consisted of two chains of sugar-phosphate groups running parallel to each other.  Pairs of bases, adenine paired with thymine, and guanine with cytosine, link the chains together like the rungs of a ladder.  Twisting or coiling the ladder forms a double helix.

4. DNA Replication

    a. replication is the making of an exact copy of each chromosome during cell division   

    b. base pairs that form each rung of the double helix are held together by weak hydrogen bonds

    c. hydrogen bonds break, and the two strands of the DNA molecule come apart, exposing the bases along each stand

    d. bases of free nucleotides in the nucleus then fasten onto the complementary bases on each exposed strand

    e. nucleotides join together, making a complete complementary stand exactly like the old one

    f. presence of the enzyme DNA polymerase is required for replication

   g. replication is semi-conservative, i.e. each produced double-stranded molecule contains one old strand and one new strand of DNA

   h. because of two different arrangements of molecules at the ends of the DNA helix, one end is designated as 5’ and the other as 3’

    i. usually replication proceeds in the 5’ to 3’ direction

    j. replication begins at the same time at many points along the molecule, the small segments then linked into one long strand by DNA polymerase

               C. Gene Expression

                              1. Genes and Enzymes

                                   a. genes control the production of enzymes

 b. this idea was first proposed by Garrod in the early 1900s as he studied diseases called inborn errors of metabolism, caused by the body’s inability to make certain enzymes
                                c. 1941 Beadle and Tatum using the red bread mold Neurospora crassa demonstrated that each gene produces its effects by controlling the synthesis of a single enzyme 
2. One Gene-One Polypeptide Hypothesis 

   a. genes actually control the synthesis of all proteins

       1. enzymes

       2. hormones

       3. structural proteins

   b. each gene actually controls the production of a single particular polypeptide  

3. The DNA Code

    a. there are 20 essential amino acids in the proteins of humans and most other organisms; additional amino acids can be produced from these twenty by subsequent reactions

    b. the base sequence of nucleotides is a code that specifies the order of the amino acids in a particular polypeptide chain

    c. there must be at least 20 different codes to specific these amino acids

    d. code “words” must be a sequence of 3 bases – from 4 bases in combinations of 3, 64 different combinations are possible, more than enough to code for 20 amino acids; called a codon
    e. code is redundant, i.e. most amino acids are specified by more than one code word

    f.  “punctuation”  - code words that tell where a polypeptide begins and end also exist
3.  RNA Structure and Types

     a. ribonucleic acid assists in the production of polypeptides in the cytoplasm

     b. RNA is a single strand of nucleotides

         1. ribose – a 5-carbon sugar

         2. phosphate group

         3. nitrogenous (contains nitrogen) base

            a. purine

                1. adenine

                2. guanine

            b. pyrimidine

                1. cytosine

                2. uracil

      c. Three types of RNA exist 

       1. Messenger RNA (mRNA) copies the code from DNA    which serves as a template for complementary building, until it reaches a “stop” code, where it leaves the DNA strand and moves into the cytoplasm.  mRNA may have be thousands of nucleotides long. This is termed transcription.

           2. Transfer RNA (tRNA) is only about 80 nucleotides long and has a characteristic shape – similar to a clover leaf, with a short tail at one end.  A particular amino acid may be attached to this tail, coded for by a sequence of 3 exposed nucleotides at the other end of the molecule, the anticodon, the complements an mRNA codon.

           3. Ribosomal RNA (rRNA) is formed in the nucleoli of the cell and is one of the structural components of ribosomes.  The other structural component is a protein.
    4.  Protein Synthesis

         a. accomplished along the ribosomes in the cytoplasm

         b. amino acid molecules become attached to their specific varieties of tRNA

         c. ribosomes become attached to different places along each strand of mRNA

         d. where a ribosome is attached to mRNA, an appropriate molecule of tRNA temporarily attaches to the mRNA

         e.  the amino acid brought into position by the tRNA attaches to the last amino acid in the chain by dehydration synthesis and separates from the tRNA

         f.  ribosome moves along the mRNA and the tRNA is released to pick up another amino acid until a “stop” codon is reached

         g.  polypeptide is released from the ribosome

         h.  every step in the process is enzyme-mediated

         i.   process is termed translation.

               D. Control of Gene Expression                  

1.  Jacob, Monod, and Lwoff were awarded the Nobel Prize in 1965 for their work in determining how the transcription of certain genes is controlled in the bacterium Escherichia coli.

2.   In prokaryotes enzymes are produced only when they are needed by a cluster of genes termed the operon.

      a.  A structural gene is a DNA segment that codes for the production of a particular protein

      b.  An operator gene is a sequence of nucleotides found next to the structural genes.  The operator acts as a switch  - when it is active (“on”) transcription occurs; when it is inactive  (“off”) transcription does not occur.

                                         c. The operator is controlled by a protein called a repressor protein that is produced by a regulator gene.  When the repressor binds to the operator, transcription cannot start – this is the normal state.  The presence of a substance that is controlled by the polypeptide produced by the structural gene results in that substance binding to the repressor protein rendering it inactive, thereby switching the operator on.

                                         d. Promoter genes attract and bind the enzyme that starts transcription.  If the enzyme cannot cing to the promoter, transcription of the structural gene will not start.

 3.  Eukaryotes differ from prokaryotes in several ways

       a. genes relating to a certain function are not clustered together, sometimes being on different chromosomes

       b.  each eukaryote gene is split into parts called exons segments of DNA that code for amino acids that will become part of a protein, that are not next to each other.

       c. in between the exons, there are sections of DNA called introns, segments of DNA that do not code for amino acids of a protein

       d. When a gene is transcribed, both introns and exons are made into RNA, introns are then edited out by enzymes which cut out the intron RNA and then splice (join) the exon RNA pieces.  

       e. Two other strings of RNA are made before the cut and splice, a cap and a tail which are added to the RNA

       f . Because enzymes can cut and split the RNA in different ways, different proteins can be made from the same DNA segment

        g. Changes in amount of coiling (shape) of DNA, caused by histones (proteins between DNA in chromatin)  also affects the expression of genes by determining which parts of the DNA become accessible for transcription. Only loosely packed DNA is transcribed.

        h. Sections of DNA that control the copying of genes are found elsewhere in the DNA from the gene.

            1. promoters attract and bind the enzyme that starts the copying process

             2. enhancers control the access of the enzyme to the promoter.

4. Environmental factors can switch genes on and off including temperature.

5. Different genes are active at different times in the life cycle of an organism.  In fruit flies homeotic genes control the key event by coding for proteins that bind to certain parts of DNA and thereby control transcription.  In humans similar sequences are called homeoboxes.

6. Oncogenes are genes that cause some kinds of cancer.  They are usually switched off, or expressed in a way that does not cause cancer.  When switched on or when they operate abnormally uncontrolled growth of cells occurs.

- End of Ch. 26

