Genetics Lab Addendum
To Activities 3 and 4
A. Basic Definitions in Genetics
1. gene: The basic unit of heredity that produces the identifying characteristics of an individual.  It is a unit of DNA that occupies a locus - or location - on a chromosome and codes for the production of a single chain of amino acids (a polypeptide chain), i.e., usually one protein, e.g., a specific enzyme.  New research is stimulating some proposals of revisions to this definition.
2. allele: A particular form of a gene at a specific locus on a chromosome.  There could be two or more forms, e.g., a gene for basic eye color could be either basic brown or basic blue.  (Actual eye color involves adding additional pigment to the “basic” eye color.)
3. homologous chromosomes: A pair of chromosomes that are similar in size and shape and also have genes that code for the same traits and characteristics.  One homologous chromosome is inherited from the father, the other from the mother.

4. (a) homozygous: Refers to the condition when the corresponding alleles on homologous chromosomes for a specified trait are the same alleles, i.e., the same form of a gene, e.g., both alleles are genes for having basic blue eyes or both are genes for having basic brown eyes.

   (b) heterozygous: The corresponding genes on homologous chromosomes are different alleles, e.g., one is for basic blue eyes, the other for basic brown eyes.

5. (a) dominant: This refers to an allele or characteristic that is actually expressed, regardless of what other allele is on the other homologous chromosome, e.g., if one allele is for basic brown eyes and the other allele is for basic blue eyes, the person will actually have basic brown eyes.

   (b) recessive: This refers to an allele or characteristic that is not expressed when a dominant allele is present, or is expressed only when the individual is homozygous for that trait, e.g., having basic blue eyes.

6. (a) genotype: The sum total of all the alleles present in an individual - both expressed and not expressed - for the specified trait(s), e.g., includes  both the basic brown and basic blue eye genes when both are present.

   (b) phenotype: The expressed characteristics of an individual, e.g., even if the basic blue eye allele is present, refers only to the expressed basic brown eyes.

7. (a) monohybrid: An individual that is heterozygous for one particular pair of specified alleles.  A monohybrid cross is a mating of monohybrid parents.

   (b) dihybrid: An individual that is heterozygous for two particular pairs of specified alleles.  A dihybrid cross is a mating of dihybrid parents.
B. Basic Genetics of Classical Blood Typing
The genetics of albinism in Activity 4 involves only two different alleles for a gene at one locus on a chromosome.  However, there can be more than two different, alternative alleles possible at one locus for some genes, resulting in many different combinations of two alleles at a time on the two homologous chromosomes at that particular locus in the population.  For example, twenty different alleles have been identified at one of the loci.  Any one person can carry no more than two of these alleles - on the homologous chromosomes – but it is this great potential variation at each locus that is one way that makes possible the many genetic variations in the Human population.  Having more than two alleles possible at a single locus is referred to as Multiple Alleles.
The simplest case of multiple alleles is having three alleles possible at one locus within the population, and one example of this is classical blood typing.  Classical blood typing phenotypes for having blood types A, B, AB, or O are controlled by the three different alleles A, B, and i.  These alleles control the production and occurrence of particular antigens found on the surface of Red Blood Cells.  (Although more involved, for this section just consider an antigen as a particular type of chemical found on the surface of the Red Blood Cell.)  
People with the Phenotype Blood Type A have only A antigens, people with Blood Type B have only B antigens, people with Blood Type AB have both A and B antigens, while people with Blood Type O have neither A nor B antigens on the surface of their Red Blood Cells.  The genotypes corresponding to the four classical blood type phenotypes are
Blood Type A: AA or Ai
Blood Type B: BB or Bi

Blood Type AB: AB

Blood Type O: ii

where the allele “i” is a “placeholder” and codes for “produce no antigen of any kind.”  Allele A is dominant over recessive allele i, and allele B is dominant over recessive allele i.  However, A and B alleles are Codominant to each other, and each is expressed fully in the heterozygous case.  This means that the surface of the Red Blood Cell will have both A and B antigens present.  

Genetics Problems:
  1. If a woman with blood type A, one of whose parents had blood type O, marries a man with blood type AB, what will be the theoretical percentage of their children with blood type A?

  2. You are a genetics expert and asked to testify in court concerning the parentage of a baby.  The mother of the baby is blood type B.  The baby is blood type O.  The mother states that Mr. X is the father, and his blood type is A.  Could Mr. X be the father of the baby?  Justify your answer by diagramming the genotypes of the mother, father, and baby.

(Work out the problems yourself and then check your answers at http://raywinstead.com/104AnswersforGeneticsProblems.doc)
Note: When classical blood typing information is given often a “positive” or “negative” is added, e.g. a person may have blood type A + or A -.  The + or – refers to either having an additional antigen, the “Rh Factor” or not on the surface of the Red Blood Cell.  The presence of this antigen is controlled by a separate gene at a different locus.  The Rh designation comes from Rhesus Monkey where the antigen was first discovered and then also subsequently found in Humans.

C. Intermediate Inheritance


In Intermediate Inheritance (also sometimes called Incomplete Dominance) there is a lack of dominance of one type of allele over another.  There is no dominant allele, and there is no recessive allele.  In a homozygous individual for that trait only one form of the gene is present, so that one characteristic is the one expressed, just as in the previous sections dealing with albinism and blood types.  However, in a heterozygous individual for that trait both gene forms on homologous chromosomes are partially and about equally expressed.  For example, consider a plant species where some individuals have red flowers and other individuals of the same species have white flowers.  A cross between an individual with red flowers with an individual with white flowers produces all individuals in the next generation with pink flowers, a combination of red and white.  There is a blending of the two traits red and white together to produce pink.  (Especially note the contrast with the codominance case of blood typing where the alleles in the heterozygous case are both fully expressed, resulting in both antigens being present separately on the surface of the red blood cell.)  

Genetics Problems:

  3. When red-flowered snapdragons (R1R1) are crossed with white-flowered snapdragons (R2R2) all of the offspring are pink.


a) Diagram the Punnett Square for a cross between two pink (R1R2) snapdragons.


b) What are the phenotypic ratios that are produced (Red:Pink:White)?


c) As a reminder, what is the name for this phenomenon?

  4. When rabbits with splashed white fur are crossed with black furred rabbits, their offspring are all slate blue.  When the slate blue rabbits are crossed among themselves, they produce splashed white, blue, and black offspring in the ratio of 1:2:1, respectively.


a) As a reminder, how are these fur traits inherited?  


b) Indicate the genotypes of each phenotype using appropriate symbols.  Be sure to indicate the meaning of the symbols.

(Work out the problems yourself and then check your answers at http://raywinstead.com/104AnswersforGeneticsProblems.doc)

D. Additional Practice with Genetics Problems

For additional practice with genetics problems see

http://www.biology.arizona.edu/mendelian_genetics/mendelian_genetics.html
and

http://www.biology.clc.uc.edu/courses/bio105/geneprob.htm
E. Human Syndromes/Diseases/Conditions
Associated with Specific Chromosomes


Create a summary table of selected Human Syndromes/Diseases/Conditions as they are associated with specific chromosomes in the following way.

1) Go to the advanced search page of the “Online Mendelian Inheritance in Man,” i.e., OMIM website, which contains information on all known Human Mendelian disorders and over 12,000 genes.  OMIM is maintained by Johns Hopkins University School of Medicine.  Go to http://omim.org/search/advanced/geneMap/
     (“NOTE: OMIM is intended for use primarily by physicians and other professionals concerned with genetic disorders, by genetics researchers, and by advanced students in science and medicine. While the OMIM database is open to the public, users seeking information about a personal medical or genetic condition are urged to consult with a qualified physician for diagnosis and for answers to personal questions.”)
2) Click in a check box associated with one particular Human chromosome of your choice.  Then click “search” at the bottom of the page (without putting anything else in the search box at the top of the page).

3) a) In the information table provided on the website for that particular chromosome, you pick a specific syndrome, disease, or condition listed under the heading “phenotype.”  


Phenotype: The expressed characteristics of an individual.

  (as opposed to genotype: the sum total of all the forms of the gene present in an individual - both  expressed and not expressed - for the specified trait(s).)
You could either pick one that you recognize, or you could choose one unknown to you.  
    b) In the Summary Table below insert the name of the syndrome, disease, or condition as illustrated in the table.  For example, on the X chromosome “Hodgkin disease susceptibility” is displayed.  
    c) Also include the specific gene ID, e.g., in this case HDPA.  See the Summary Table.  Put only one.
    d) Note that you can move toward either end of the chromosome in the data set by clicking on the appropriate button, i.e. click on the “Towards pter” or “Towards qter” button.  

ter stands for terminus, i.e., one end of the chromosome.
pter refers to the shorter arm of the chromosome, where “p” is for “petit” meaning short in French.
qter refers to the longer arm of the chromosome, where “q” was chosen, since it is simply the next letter after “p.”

Note the following diagram for clarification.

         [image: image1.emf]


4) Look up basic, summary information for the syndrome, disease, or condition.  There are two good sources for this information.  On the same OMIM website on the same page as you get the information for step 3 above, note to the right of the genotype there is a phenotype MIM number link.  Click on it for more information about the syndrome, disease, or condition.  For example, for “Hodgkin disease susceptibility” the number link is 300221.  Also for our purposes, http://www.wikipedia.org/ is fine to get additional information.  Use both of those resources, and then put the main characteristics of the syndrome, disease, or condition into the Summary Table.  Read, summarize, edit, and learn something!


Consider the information in the Summary Table.  What do you deduce or conclude that this information could possibly imply about the parts of the body or physiological functions possibly being affected by a gene or genes on this particular chromosome?


(If you cannot find any further information about the syndrome, disease, or condition you originally chose, then just omit it completely and pick a different syndrome, disease, or condition and move on.)

5) Repeat and continue the steps above until you have completed the table with examples for four types of chromosomes for your lab table (from the twenty-two autosomes and the two sex chromosomes X and Y).  (An autosome is a chromosome not one of the sex chromosomes.)  Basically, each student at a lab table picks (at least) one Human Syndrome, Disease, or Condition.  (When you select one chromosome for investigation, be sure to deselect the previous chromosome investigated.)  
This document is available at http://raywinstead.com/BIOL104GeneticsLabAddendum.doc
Human Syndromes/Diseases/Conditions
Associated with Specific Chromosomes
Summary Table
	Chromosome Number

(or X or Y) and Gene ID
	Name of Human

Syndrome, Disease, or Condition
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Syndrome, Disease, or Condition

	
	
	

	
	
	

	
	
	

	
	
	

	X (HDPA)
	Hodgkin Disease susceptibility
	A common lymph node cancer that differs from other tumors in that the bulk of cells are not malignant but, rather, are infiltrates of normal inflammatory cells.  Characterized by the orderly spread of disease from one lymph node group to another.  A type of lymphoma, which is a cancer originating from white blood cells called lymphocytes.


