 Kernel color
Many genes determine the phenotypes of the 3 tissues that control the color of a corn kernel. These tissues are the pericarp, the aleurone (outer layer of the endosperm), and the endosperm proper. In our corn, the pericarp is always colorless, but the aleurone may be colorless, purple, or red, and the endosperm yellow or white.
	


	

	Figure 1 The tissues of a corn kernel involved in producing color phenotypes.


If the aleurone is colorless, the kernel color will be that of the endosperm, either yellow or white. Normal corn endosperm color (yellow) occurs when the allele Y causes the production of carotenoid pigments in the endosperm. In the recessive condition (y/y) carotenoids are not produced and the endosperm is white. The Y alleles are masked by the presence of a colored aleurone.

For the aleurone to be colored, alleles C and R must be present. The homozygous recessive of either allele (c/c or r/r) disrupts anthocyanin production and results in a colorless aleurone. The dominant CI allele also inhibits anthocyanin production, giving a colorless aleurone. Genes C and R are located on separate chromosomes and segregate independently.

The allele Pr interacts with alleles C and R to produce a purple aleurone. The homozygous recessive condition (pr/pr) interacts with C and R to produce a red aleurone.

Endosperm characteristics
Normal corn endosperm is high in amylose starch. The gene Su in the homozygous recessive condition (su/su) produces endosperm that is high in sugar. As corn dries, its sugary endosperm loses water, and its kernels wrinkle. The gene Wx in the homozygous recessive condition (wx/wx) causes the production of amylopectin starch in the endosperm and pollen. The endosperm of a wx/wx kernel is opaque with a hard, waxy texture.
Part I:   Doing Chi-square calculations 
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An important question to answer in any genetic experiment is how can we decide if our data fits any of the Mendelian ratios we have discussed. A statistical test that can test out ratios is the Chi-Square or Goodness of Fit test. 

Chi-Square Formula 
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Degrees of freedom (df) = (n-1) where n is the number of classes 
  
A Chi-Square Table 
  
                                                                                        Probability 

	Degrees of Freedom
	0.9
	0.5
	0.1
	0.05
	0.01

	1
	0.02
	0.46
	2.71
	3.84
	6.64

	2
	0.21
	1.39
	4.61
	5.99
	9.21

	3
	0.58
	2.37
	6.25
	7.82
	11.35

	4
	1.06
	3.36
	7.78
	9.49
	13.28

	5
	1.61
	4.35
	9.24
	11.07
	15.09


  

Calculate the chance that the deviation from the values in the following crosses are due to random  chance alone. 

1.) The genotypic ratio of a cross between a hybrid tall pea plants shows the following results 

            34 pure tall pea plants 
            35 hybrid tall pea plants 
            31 pure short pea plants 

Calculate the chance that the deviation from the expected values in this cross are due to random chance alone. 

2.) A large American family has 7 boys and 5 girls. Calculate the chance that the deviation from expected values in this cross are due to random chance alone. 

3.) If there is a deviation from expected values in a genetic cross that is not due to random chance, what process is a likely culprit for this deviation from expected results? Hint: The answer may be related to the process of meiosis. 

Part II:   Monohybrid Cross 

A cross between individuals that involves one pair of contrasting traits is called a monohybrid cross. First we will use Punnett square diagrams to predict the results of various monohybrid crosses. We will then examine ears of corn Purple results from the dominant allele (P), and yellow from the recessive allele (p). We will be making observations and assumptions for both the genotype or genetic make-up, and the phenotype or external appearance. 
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MATERIALS: 

 Ears of corn such as: heterozygous X heterozygous 3:1, and a monohybrid test cross 1:1.
 PROCEDURE: 

 Theoretical: We will use a Punnett square to examine the theoretical outcome of possible monohybrid crosses. 

 1. The first cross is with a Homozygous dominant parent (PP), and a Homozygous recessive parent (pp). Fill in the Punnett square. Each box represents a genotype possibility for an offspring. Place the allele donated by each parent in the corresponding box. Now list the possible genotypes and their corresponding phenotype.  Remember: The genotype is represented by the two letters for the offspring, and the phenotype is a color.  Remember: If an individual's genotype is heterozygous, the dominant trait will be expressed in the phenotype. 
  

Give the percent possible for the phenotypes. 
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2. Now look at a cross between a Homozygous dominant parent (PP), and a Heterozygous parent (Pp). Fill in as in step one. 
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3. Next we will examine the possibilities with a cross between a Heterozygous parent (Pp), and another Heterozygous parent (Pp). Fill-in as before. 
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4. Finally we will examine a Test cross. A test cross is between a Homozygous recessive parent (pp), and a Heterozygous parent (Pp). Again, fill-in as before. 
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Actual cross: Now we will make a count of an actual cross and compare the calculations to the phenotype percentages of the theoretical. 

 5. Obtain an ear of corn that is the result of Heterozygous X Heterozygous. Count and record the purple and yellow kernels, and record the numbers. Also record the total number of kernels. 
  
TOTAL purple: _______ TOTAL yellow: _______ TOTAL all kernels: _______ 

6. Now find the percent of purple and yellow kernels. To find the percent of purple, divide the total purple by the total for all kernels, then multiply by 100. 
  
Percent purple: _______ % Percent yellow: _______ % 
  

Compare your results with the theoretical answers you obtained for the Heterozygous X Heterozygous cross. 

 7. Results for genetic crosses are often recorded as ratios. Calculate the ratio of purple to yellow. To do this, use their totals. The smaller total you call 1, and write it in the appropriate space. Then Divide the larger one by the smaller, and round to the nearest whole number. Record this number in the appropriate space. 

 Ratio of phenotypes for this cross. 

	PURPLE
	to 
	YELLOW

	
	<TH< th>
	

	____
	:
	____


                       8. Now repeat steps 5 through 7 for an ear of corn that is the result of a TEST CROSS: 
Homozygous recessive X Heterozygous. 

 TOTAL purple: _______ TOTAL yellow: _______ TOTAL all kernels: _______ 

 Percent purple: _______ % Percent yellow: _______ % 
  

Compare your results with the theoretical answers you obtained for the Test cross. 

 Ratio of phenotypes for this cross. 

	PURPLE
	to 
	YELLOW

	
	<TH< th>
	

	____
	:
	____


Part III.  Dihybrid Cross: 

A dihybrid cross is a cross between individuals that involves two pairs of contrasting traits. Predicting the results of a dihybrid cross is more complicated than predicting the results of a monohybrid cross. All possible combinations of the four alleles from each parent must be considered.  We will examine a dihybrid cross involving both color and texture. Purple (P), is dominate to yellow (p), and smooth texture (S) is dominant to wrinkled (s). Both parent plants are heterozygous for both traits. 
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MATERIALS: 

Ear of corn; heterozygous X heterozygous 9:3:3:1, purple/yellow, smooth/wrinkled. 

PROCEDURE: 

Theoretical: First let us use a Punnett square to examine the theoretical outcome of the Heterozygous X Heterozygous dihybrid cross. 

1. Fill in the Punnett square. Each box represents a genotype possibility for an offspring. Place the alleles donated by each parent in the corresponding box. One offspring has been done for you as an example. Now list the possible phenotypes in the spaces below the Punnett square. REMEMBER: a phenotype is how the offspring will look. If an individual's genotype is heterozygous, the dominant trait will be expressed in the phenotype. There are four possible phenotypes for the offspring of this cross, and both traits are in each phenotype. One has been done for you as an example. 

Now show the ratio of the phenotypes. For this, it is simply the number of possible individuals with each phenotype. 
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Actual cross: Now we will make a count of an actual cross and compare the calculations of it's phenotype ratios to the theoretical. 

2. Obtain an ear of corn that is the result of a cross that was Heterozygous X Heterozygous for both traits. Copy the four phenotypes in the appropriate blanks, then count and record the number of kernels for each phenotype.   

Now calculate the ratio for the cross. The phenotype with the least number of individuals you will call 1. Place the 1 in the space below the appropriate phenotype. Now divide the other count numbers by the number of individuals from the phenotype you called 1, and round your answers to the nearest whole number. Put the answers under the appropriate phenotypes.    

	
Phenotype:
	_____________ 
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	_____________ 
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	_____________ 
[image: image13.png]



	[image: image14.png]



	_____________ 
[image: image15.png]




	Number:
	_______ 
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	_______ 
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	_______ 
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	_______ 
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	Ratio:
	______
	:
	______
	:
	______
	:
	______



  

Compare your results with the theoretical answers you obtained for the cross. Did you obtain a ratio in your experiment that was close to the theoretical?
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