Exercise 2. Patterns of Trait Inheritance 

· Examine the figure of the nucleus of an animal cell carefully below (Fig. 1).

 Close inspection shows that each chromosome or DNA molecule has two copies carrying the same genes though not necessarily the same alleles of these genes. One chromosome is donated by the female parent and the other by the male parent. 

Fig. 1.  A cell nucleus showing its chromosomes (DNA molecules). Genes positioned along these chromosomes are the blueprints for an organism’s traits.
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· 1. How many pairs of like (homologous) chromosomes does the cell model contain? These are the autosomes.

· 2.  How many chromosomes are there in all? Check your answers on the answer sheet under Exercise 2. Questions 1 and 2.

·  Note that in most organisms one pair of chromosomes do not look alike (i.e., are non homologous). These are the sex chromosomes in that they govern the sexual characteristics of male and female offspring. Locate the sex chromosomes in the model cell. 

· How many are there? Check your answer under Exercise 2. Question 3.
 In special germ cells (egg and sperm), the paired chromosomes (homologous & non homologous) divide two times instead of the one time that occurs in most cells in the body during replication. In this way each parent provides only a copy of one of each of his or her chromosome pairs to each offspring. In carefully controlled experiments with pea plants in the 1800s, the Austrian Monk, Gregor Mendel, learned much of what we know today about the inheritance of traits known as the process of heredity. We will use plastic disks and ears of corn instead of peas in examining trait inheritance patterns. 

Exercise 2a. Law of Independent Segregation – Alleles of genes are randomly assigned to offspring.

· Find plastic boxes F and M holding red and white plastic chips in them. Each box should contain an equal mix of 6 red and 6 white chips. That is your parents each had one chromosome of a chromosome pair with a chemical variant (allele) of the color gene that produced a red colored chip while the other chromosome had an allele that produced a white colored chip. Their genotypes were CC’/C’C’ where C = the red allele and C’ the white allele of the gene for chip color. Note that the order of presentation (CC’ or C’C) does not matter.

· Count out your chips and make sure that there are equal numbers of red and white chips in each box. 

· Place the female parent box (F) to your left and the male (M) to your right. 

· Divide the plastic container (C) into top (Cf) and bottom sections (Cm) and place the appropriate section (dish) in front of the respective parent box (F and M). 

· Now put on the blindfold and remove one chip from each box and put it into the dish in front of the box. 
· Take off your blindfold. What color did each parent offer? Write the two chip colors of your 1st offspring down on a sheet of paper or on the blackboard under the heading of offspring of heterozygous parents. 
This is the genotype of your first offspring. It may be CC, C’C’, or CC’ or C’C, though C’C and CC’ are identical as it does not make any difference which parent donated the chromosome containing the gene for chip color to the offspring. When the two chromosomes an individual has for a particular gene have the same allele for a trait, they are said to be homozygous for that trait. Your offspring with CC or C’C’ are homozygous. The parents in our experiment had one white allele and one red allele. They were heterozygous for the traits. The offspring produced that have one copy of each allele are heterozygous for the trait.

· Now put the chips back in the boxes from which you have removed them and repeat this process another 15 times, each time recording the genotype of the offspring on your board and replacing the chips in the box each was removed from. 
The particular trait an offspring inherits from his parents is not related (independent) to the traits his sibs (sisters or brothers) have received. This is why we have to put the chips back after each selection. If the parents have one chromosome for each color, the probability that they will donate a red allele (C) is 50% or ½ and the probability that they will donate a white allele (C’) 50% for each offspring they produce. 

· Count the frequency (number of offspring) of the three combinations of chips you have obtained: CC, C’C’ CC’ or C’C and calculate the percent of each color combination represented by dividing the count by 16 and multiplying by 100, the total number of offspring you produced.  
By chance (the laws of probability), you should have obtained 25% (1/4) CC, 25% (1/4) C’C’, and 50% (1/2) mixed C and C’. Heterozygous individuals are two times as abundant as individuals that are homozygous red (CC) or homozygous white (C’C’). 

Geneticists use a chart called a punnett square to determine what frequencies of offspring two parents will produce when their genotypes are known. The punnett square for the offspring of the cross of two parents that are heterozygous for chip color is presented below.  Note that each gene each parent can offer is positioned above a column for one parent and along a row for the other. The cells in the chart are then just filled in by pulling down the letter from the parent above and across for the parent to the side. 

Punnet square computation for cross between parents that are heterozygous for chip color red (C) and white (C’) = CC’

                       Male parent CC’

      C         C’

	CC
	CC’

	  CC’
	C’C’


Female C

Parent C’            
     CC’

Frequency of offspring genotypes: (1 cell) ¼ CC, (1 cell) ¼ C’C’, (2 cells) ½ CC’.

· Repeat this experiment using one parent that is homozygous for the red chip color and the other parent homozygous for the white color. Complete a punnett square analysis of the results on a sheet of paper (template can be found in Fig. 2).

· Repeat this experiment using one parent that is homozygous for the red chip color and the other parent heterozygous (CC’). Complete a punnett square analysis of the results on a sheet of paper.

· Put all of your chips back in the appropriate boxes and seal each parent box with the rubber band provided. There should be 6 red and 6 white chips in each box.

Fig. 2.
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We need to consider one more thing before leaving Mendel’s Law of Independent Assortment. Genes do not come only in two chemical variants/alleles. Human blood types have three alleles: A, B, and O. Eye color in fruit flies have many more alleles (Fig. 3). 

Fig. 3. Multiple alleles for eye color in fruit flies. Each of the colors below is produced by a different allele of the same gene for eye color.
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How is chip color inherited when there are multiple alleles? In this experiment, you will need to determine the male and female parent’s genotype before producing your offspring.

· Find the box GP for population gene pool. This includes all of the alleles of the color gene that are available to the next generation of your species. It has 8 chips of each of three colors (red C, white, C’ and blue C’’). Spread these chips out on the table. 

· Put your blindfold on and pick out two chips and place them in the dish (Cf) corresponding to the female parent. 

· Repeat the draw from the box D, selecting the male parent. Deposit it in the other dish (Cm).

· Take off your blindfold and record the genotype of each parent on an empty punnett square grid  (Fig. 2) you have on a sheet of paper. Calculate the frequencies of different genotypes you will see in the offspring of these parents. 

· Repeat this experiment several times.

· Be sure to put all 8 chips of each color back in the GP box and close it with the rubber band provided when you are finished.

What have you learned? Despite the fact that there may be many different alleles for a gene present in the gene pool, any parent can only possess, at most, two different alleles. This is because each parent has only two chromosomes with only one allele of a gene. The different alleles are mutations that are present in a population (individuals living and breeding in the same locality) of individuals of a species or the species as a whole. 

Exercise 2b. Mendel’s Law of Independent Assortment

Our Austrian monk, Mendel also experimented with his pea plants to see if different traits such as plant height and flower color were inherited together (linked) or were inherited independently. To help visualize this, think of buying a car. You might like a particular car’s front end but not the shape of its trunk area. Yet the two are linked and you have to take the rear end with the front. Let’s use a chip example to investigate this problem. We will use red chips and white chips to represent color and large and small chips to represent size. Find the boxes IF and IM.

· Make sure each has equal numbers of the two colored chips (6 red and 6 white) and equal numbers of the two sizes of chips (fat and thin).

· Put on your blindfold and find your parent’s genotypes by picking two chips from the respective IF and IM boxes. Record these on a sheet of paper as you have done above, but this time use a 16-cell square labeled Independent Assortment as shown in Fig 4 and in example on next page.

Fig. 4
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Example of how to complete a punnett square analysis for inheritance of 2 traits, color with the two alleles - C (red) and C’ (white); and thickness with the two alleles - T (fat) and T’ (thin).

Male parent geneotype CCT’T’
	
	
	CT’
	CT’
	CT’
	CT’

	female
	CT
	CCTT’
	CCTT’
	
	

	parent
	CT’
	CCT’T’
	
	
	

	genotype
	C’T
	CC’TT’
	
	
	

	CC’TT’
	C’T’
	CC’T’T’
	
	
	


· Finish filling out this square.

· Are the traits linked or inherited independently from one another?

If you answered independent, this is correct much of the time. Mendel’s Law of Independent Assortment does not work with genes that are located very close to one another on the same chromosome. The traits controlled by these genes appear to be linked (inherited together). 

· Repeat this experiment with new draws of parent genotypes.

You should also note from this experiment that there will be many more possible genotypes of offspring in the system involving two traits than in that you worked on above for chip color alone.

Exercise 2c. There are genotypes and then there are phenotypes.


Thus far we have talked only about the genes that underlie traits and how these genes are inherited. The genotype refers to the specific alleles of a gene an individual possesses. Genes are not observable without the use of molecular tools. The observable traits of an organism are referred to as its phenotype. The phenotype of a homozygous individual for red color, CC, is red and the phenotype of an individual that is homozygous for white, C’C’ is white. But what about the individual who is heterozygous for these two colors, CC’ or C’C? If the traits are of equal influence, we might expect the individual to exhibit some intermediate between red and white as in pink. However, Mendel discovered that when he crossed peas with red flowers with those having white flowers, the offspring all had red flowers. This was because the red allele was dominant over the white allele. He called the allele that masked the effect of a different allele a dominant allele and assigned a capital letter to it (C). The allele whose effect was not observed in the presence of the dominant allele is termed a recessive allele and it is demarcated as a lower case letter corresponding to the capital letter of the dominant allele, c. Thus is our chip system, the phenotype of CC = red, of cc = white and of Cc = would be red as well.


To demonstrate the phenotypic expression of genes that show dominance/recessive relationships, we will examine the progeny/offspring of corn plants. Here the progeny are the individual kernels of an ear of corn. Each of these kernels could potentially give rise to a new plant. The trait we will be examining in this wild corn (species = Zea mays) is kernel color, which may either be yellow or red. 

· Find the parental ears and note that one parent, the female is red and the other parent, the male is yellow. We further know that each parent is homozygous for the color they exhibit.

· Find the ear marked as F1 offspring. 

· What color are the kernels of the F1 ear of corn? 

· Why are they this color? 
· What is the genotype of the F1 of the cross between a red homozygous parent and a yellow homozygous parent?

· What is the phenotype of the F1 offspring?

· Pretend a mating occurs between the children (F1s) of the original parents and obtain the ear labeled F2 for 2nd generation offspring. The original parental cross was CC X cc. And the F2 generation is produced by the cross Cc X Cc.  

· What do you see? 

Count 8 rows of kernels recording on your board how many yellow and red kernels you see. What is the ratio of red to yellow phenotypes?  Complete a punnett square analysis to show the relationship between genotype and phenotype for this F2 generation.

What have we learned from examining traits that have dominant/recessive relationships? Because of dominant/recessive relationships between alleles, recessive traits appear to be lost in some generations. However, they really never are lost. They just are not visible (outwardly expressed) in the heterozygous condition (two different alleles) (Cc), only in the homozygous (2 copies of same allele) recessive condition  (cc) in this case.

ANSWER SHEET FOR EXERCISE 2
Links:

http://www.birdhobbyist.com/parrotcolour/patterns01.html
http://www.usd.edu/med/som/genetics/curriculum/1FMENDL4.htm
http://www.windows.ucar.edu/tour/link=/earth/Life/genetics_inheritance.html
http://scout.wisc.edu/Projects/PastProjects/NH/96-03/96-03-06/0033.html
http://anthro.palomar.edu/mendel/mendel_2.htm







