Biology I

Chapter 12—Inheritance Patterns and Human Genetics

Introduction:

In the early 1900’s a scientist named Thomas Morgan was studying an insect called Drosophila, or fruit fly.  He found that it had several genes that did not show independent assortment.  (Recall Mendel’s law of independent assortment from Chapter 9.)

Morgan noticed the difference in one chromosome pair between male and female fruit flies.  He later called the chromosomes in this pair X and Y, hypothesizing that they were sex chromosomes.  (He had noticed 2 identical chromosomes in females {XX} and 2 different chromosomes in males {XY}).

Morgan saw that the chromosome he named “X” was larger than the one named “Y.”  He hypothesized that the X chromosome could carry more genes because it was larger.

Each chromosome carries many genes.  The genes located on one chromosome form a linkage group.  Two or more genes on the same chromosome are linked.  Because they are on the same chromosome, linked genes tend to be inherited together.  (For example, in humans, the characteristics for red hair and freckles seem to be linked.)  The closer two genes are on the same chromosome, the more likely they are to be linked together.

Recall (from Ch. 8) that “crossing-over” can produce new gene combinations by changing the locations of genes among the chromosomes that carry them.  Linkage can be disrupted by crossing-over.  The farther apart two genes are (on the same chromosome), the greater their probability of being separated during crossing-over.

Sex Linkage
Genes found on the X chromosome are X-linked genes.  Genes found on the Y chromosome are Y-linked genes.  The presence of a gene on a sex chromosome is called sex-linkage.

The X chromosome is usually larger than the Y chromosome.  Because of this, most sex-linked genes are X-linked.  One sex-linked trait in humans is red-green color blindness.  It is recessive and is carried on the X chromosome.  The allele for normal color vision is shown by XB, and color blindness is shown by Xb.  Since this gene is on the X chromosome, females would have 2 alleles for color vision, but males have only one.  So we end up with the following genotypes and phenotypes:




Genotype

Phenotype


Males

XB Y


normal color vision





Xb Y


color blind



Females
XB XB


normal color vision





XB Xb


normal, but a carrier





Xb Xb


color blind

If a male gets the color blindness gene, he will be color blind.  He would inherit the gene from his mother.  Females are color blind only if they get 2 genes for color blindness—one from each parent.

Example:  

If a woman who has normal color vision but who carries the recessive allele for color blindness marries a man with normal color vision, will their children have normal color vision?
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	x

XB XB
	XBXb

	XBY
	XbY
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To answer this question, fill in a Punnett square to see the possible genotypes in the offspring.  All of the girls would have normal color vision, but there is a 50% chance that a girl will carry the color blind gene.  If the couple has a boy, there is a 50% chance that he would be color blind.

Mutations
Recall that a mutation is a change in the sequence of DNA nucleotides.  Mutations can involve an entire chromosome or a single DNA nucleotide or DNA segment.  Mutations can occur in gametes (reproductive cells) or body cells.

We don’t know everything that causes gene mutations, but scientists have linked several things to them.  Mutagens are external agents that can cause gene mutations.  Some types of radiation and some chemicals are mutagens.

Gene mutations happen when one nucleotide is substituted for another nucleotide, or when a nucleotide is added to or taken away from a gene.  These changes can cause a protein to be changed so much that it can’t function properly.  One type of gene mutation is a point mutation, which is substitution, addition, or removal of a single nucleotide, affecting protein synthesis.  

Sickle-cell anemia is caused by a point mutation that substitutes adenine for thymine in a codon, resulting in a defective form of the protein hemoglobin (responsible for binding oxygen and taking it throughout the body on red blood cells).  In sickle-cell anemia, the red blood cells are distorted and sickle-shaped, causing anemia (loss of RBCs) and circulatory problems.  Because of this, children with sickle-cell anemia may suffer damage to the brain, heart, lungs, and many other organs and tissues.
Chromosome mutations happen when the structure or numbers of chromosomes change:
1) Deletion—the loss of a piece of a chromosome due to chromosomal breakage

2) Inversion—a chromosomal segment breaks off and then reattaches in reverse orientation to the same chromosome

3) Translocation—chromosome piece breaks off and reattaches to another, nonhomologous chromosome

4) Nondisjunction—the failure of a chromosome to separate from its homologue during meiosis so that one gamete receives 2 copies and the other gamete gets none (ex. Down’s Syndrome)
GENETIC SCREENING
Karyotypes
How do geneticists identify chromosomal mutations?  One way is by using a karyotype.  A karyotype is usually used to see if there are an abnormal number of chromosomes.  To make a karyotype, the geneticist must get a sample of cells from the individual being tested.  The cells are processed, and a picture is taken of the stained chromosomes during metaphase (when they are easiest to see).  The picture is enlarged so the geneticist can cut the chromosomes apart and arrange them in pairs by length and location of the centromeres.  From this the geneticist can see if there are too many or too few chromosomes.
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A normal human karyotype
Gel Electrophoresis
A newer technology used to identify chromosomal mutations is gel electrophoresis.  A sample of DNA is obtained from the individual.  The DNA is cut into small pieces by special restriction enzymes and placed in little “wells” in the electrophoresis gel.  After the gel is placed into a certain solution, an electrical field runs through the gel.  The DNA pieces move through the gel at different rates according to size and electrical charge.  The shortest pieces will move the farthest from the well.  Geneticists can then examine the pieces of DNA to see if the nucleotide sequence is correct.  If it is not correct, then they know that a mutation has occurred.
Pedigrees
Geneticists use a diagram called a pedigree that is similar to a family tree to show genetic inheritance.  Pedigrees can help geneticists determine if a trait is inherited.  They can show how a trait is passed from one generation to the next, and they can help determine whether an allele for a trait is dominant or recessive.
The following pedigree outlines the typical inheritance pattern found in red-green color-blindness. 
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KEY:  Black square=affected male; white square=normal male

   Black oval=affected female; white oval=normal female
Multiple-allele traits are controlled by three or more alleles of the same gene that code for a single trait.  An example of this is the ABO blood groups in humans.  These are controlled by the three alleles IA, IB, and i.  Each person’s blood group genotype consists of two of these alleles, which determine his or her ABO blood type.




ABO Blood Types



Genotype


Blood Type



IAIA



A



IAi



A



IBIB



B



IBi



B



IAIB



AB



ii



O
