Measuring Evolution in a Population
AP Biology

Thus far we have seen that the frequency of phenotypes in a population can change due to selection. Do our observations mean the population is evolving? Maybe, but maybe not. Alleles are shuffled each generation in sexual reproduction, and so yield different proportions of each phenotype. But what if we look at the source of the phenotype: the alleles that determine both genotype and phenotype? In 1908, G.H. Hardy and W. Weinberg proposed that evolution could be quantified by changes in allele frequencies Today scientists use the Hardy-Weinberg principle for directly measuring evolution in a population of organisms.
Since it’s a quantitative assessment, a formula is used. The 2 different alleles for a gene are represented by p (dominant) and q (recessive). The combined frequency of these two alleles in a population must equal 1 (p  + q = 1.0). Additionally, the frequency of the possible allele combinations is expressed as p2 + 2pq + q 2 = 1.0, where p2 is the number of homozygous dominant, 2pq the number of heterozygous, and q2 the number of homozygous recessive. So, if we can determine the number of phenotypically recessive individuals in a population, one can determine the frequency of each allele as well as the frequency of each of the three genotypes in the population. 

The scientists also argued that if five conditions are met, the population’s allele and genotype frequencies remain constant from generation to generation and no evolution occurs. These conditions are as follows: 

The breeding population is large


Mating is random


No allele mutations occur


No immigration/emigration occurs


No natural selection occurs

A. Finding genotype from phenotype via the Hardy-Weinberg equation.

The ability to perceive the taste of certain chemicals, like phenylthiocarbamide (PTC) is the result of a single dominant allele. Non-tasters are thus homozygous recessive. 

1. Determine if you are a taster or not, via the test strip. Add your result to the class set. 

2. Calculate the phenotypic frequency (0.0 – 1.0) of tasters and non-tasters in the population and record.   

3. Find q – the recessive allele frequency - by taking the square root of the non-tasters frequency (q 2 ). Subtract from 1 to find p. Record. 

4. Use the above values of p and q in the H-W equation, p 2 + 2pq + q 2 = 1.0, to determine the genotype frequencies.   Record. 

5.   Repeat for other taste strips. 
B.  Measuring Evolution via the Hardy-Weinberg 

CASE I  - Ideal Population

The entire class will represent a breeding population. In this simulation mating will be random, and gender and genotype are irrelevant. The population consists of all heterozygous individuals so the allele frequencies for A and a are both 0.5. The population begins with genotype frequencies of 0.25 AA   0.50 Aa   0.25 aa. 

1. Each member of the class has two A cards, and two a cards.  The cards represent the alleles the gametes (sperm or egg) the heterozygous parents can contribute to the offspring. Shuffle your stack of cards and lay them face down. 

2. Randomly choose a mate (gender irrelevant). Each of you turn over your top card. This is the F1 genotype for the taller student of the pair. Return the cards to their respective stack, shuffle and have the second student draw the top cards as a pair. This is the genotype of the F1 for the second student. Record. 

3. Adjust your card stack to reflect your F1 genotype (i.e aa genotype would take cards a, a, a, & a). Find a new mate. 

4. Repeat through the F5 generation. Record your results on the data sheet and your final, F5, genotype in the class data set. 
5. Use the class data to determine the allele frequencies for each generation. First solve for p using the following equation. Then subtract from 1.0 to find q. 
  2 (number AA) + number Aa
• p = 
----------------------------------





      2 (number of students)


Discussion Questions

1. How does the context for Hardy-Weinberg differ from Mendel’s work? 

2. Both PTC and thiourea are compounds found in leafy green vegetables. Former president George H.W. Bush was very vocal about his dislike for broccoli; propose a reason why, based on genetics.

3. There is some evidence that there are three phenotypes for the thiourea taste: strong taster, mild taster, and non-taster. What allele relationship is implied? Explain.

4. How likely is it that a population would be in Hardy-Weinberg equilibrium? Justify your answer. 

5. Explain both of the ‘p & q’ equations. 

6. Which phenotype is the key to determining allele and genotype frequencies in a population? Explain. 
Table I
Chemical: 

	Phenotype
	         Taster
	
	Non-Taster
	= equals

	Class phenotype data


	
	
	
	

	Phenotype frequency


	
	(p2 + 2pq)
	            (q2)
	

	Allele frequency


	        p=
	
	q=
	= 1.0

	Genotype
	Homozygous dominant
	Heterozygous
	Homozygous recessive
	n/a

	Genotype frequency


	p2=
	2pq=
	q2=
	= 1.0

	# student per genotype


	
	
	
	


Table I
Chemical: 

	Phenotype
	         Taster
	
	Non-Taster
	= equals

	Class phenotype data


	
	
	
	

	Phenotype frequency


	
	(p2 + 2pq)
	            (q2)
	

	Allele frequency


	        p=
	
	q=
	= 1.0

	Genotype
	Homozygous dominant
	Heterozygous
	Homozygous recessive
	n/a

	Genotype frequency


	p2=
	2pq=
	q2=
	= 1.0

	# student per genotype


	
	
	
	


Table I
Chemical: 

	Phenotype
	         Taster
	
	Non-Taster
	= equals

	Class phenotype data


	
	
	
	

	Phenotype frequency


	
	(p2 + 2pq)
	            (q2)
	

	Allele frequency


	        p=
	
	q=
	= 1.0

	Genotype
	Homozygous dominant
	Heterozygous
	Homozygous recessive
	n/a

	Genotype frequency


	p2=
	2pq=
	q2=
	= 1.0

	# student per genotype


	
	
	
	


Case  ______________________________

	
	     Self
	
	Class
	
	Allele 
	freq.

	
	
	AA
	Aa
	aa
	p
	q

	P generation data


	
	
	
	
	
	

	F1


	
	
	
	
	
	

	F2


	
	
	
	
	
	

	F3


	
	
	
	
	
	

	F4


	
	
	
	
	
	

	F5


	
	
	
	
	
	


Case  ______________________________

	
	     Self
	
	Class
	
	Allele 
	freq.

	
	
	AA
	Aa
	aa
	p
	q

	P generation data


	
	
	
	
	
	

	F1


	
	
	
	
	
	

	F2


	
	
	
	
	
	

	F3


	
	
	
	
	
	

	F4


	
	
	
	
	
	

	F5


	
	
	
	
	
	


Case  ______________________________

	
	     Self
	
	Class
	
	Allele 
	freq.

	
	
	AA
	Aa
	aa
	p
	q

	P generation data


	
	
	
	
	
	

	F1


	
	
	
	
	
	

	F2


	
	
	
	
	
	

	F3


	
	
	
	
	
	

	F4


	
	
	
	
	
	

	F5


	
	
	
	
	
	


Using the class results, graph the frequencies for each generation from Case I. Graph either Case II or Case II in the same manner. Have your lab partner do the other. 

B. Hardy-Weinberg Equilibrium Model

1. Take an equal number of cards of each suit from a deck of cards. This is the population; it is at equilibrium. Calculate the frequency of each suit. Record. 

2. Shuffle your population. Remove the top two cards. Draw two new cards from the deck of extras. What is the effect of these mutations? Calculate the new frequency of each suit. Record. Return the population to its original equilibrium. 

3. Shuffle your population. Remove the top two cards. Draw four additional cards from the deck of extras. What is the effect of migration into and out of the population? Calculate the new frequency of each suit. Record. Return the population to its original equilibrium. 

4. Shuffle your population. Draw the top two cards. If they make a ‘heterozygote’ pair this offspring survives; homozygous pairs do not. Repeat for the entire population, removing any homozygous pairs of cards that are drawn. Calculate the frequencies and record. What is the effect of ‘natural selection’ on the population? Return the population to its original equilibrium.

5. Remove the top two cards. Assume the following dominance ranking of the suits: hearts dominant over clubs; clubs over diamonds; diamonds over spades; spades over hearts. All others are codominant. Draw all the cards in pairs. Determine if it is is a dominant/recessive pair. If yes, use the deck of extras to convert the pair to reflect the homozygous dominant genotype of the offspring. Repeat for the entire population. Calculate the frequency of each. Record. Return the population to its original equilibrium.

Repeat step 5 but with a population twice as large to begin with  by combining your population with  that if another group of students. Calculate frequencies and record. What is the effect of population size on Hardy-Weinberg equilibrium. 

Analysis: 

• Summarize the Hardy-Weinberg principle. What is the value of such an analysis? 

• Summarize the results from the test strip tasting in part A. Mendel predicted that if the number of dominant and recessive alleles were equal in a population, then the genotypes would occur in a 1:2:1 ratio. Discuss our results from Part A in light of this prediction. Do you think that the genotype frequencies in part A reflect natural selection? Explain. 

• What is the pattern of the three graphs from Part C? Does the data support your hypotheses? Explain. Does the class population meet all the requirements of an ideal, non-evolving population? Justify your answer citing evidence from your data in Case I. What is the effect of selection on the genotype frequencies in Case II? How does the heterozygote advantage influence the genotypes in Case III? 

• Discuss any errors, difficulties and the conclusiveness of the results.
Population Labs

Follow Up: 

1. How does the context for Hardy-Weinberg differ from Mendel’s work? 

2. Both PTC and thiourea are compounds found in leafy green vegetables. Former president George H.W. Bush was very vocal about his dislike for broccoli; propose a reason why, based on phenotype and genotype.

3. There is some evidence that there are three phenotypes for the thiourea taste: strong taster, mild taster, and non-taster. What allele relationship is implied? Explain.

4. How likely is it that a population would be in Hardy-Weinberg equilibrium? Justify your answer. 

5. Explain both of the ‘p & q’ equations. 

6. Which phenotype is the key to determining allele and genotype frequencies in a population? Explain. 
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