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Working with Data - Determining the Paternity of Butterfly Larvae
AP Biology
Multiallelic polymorphisms of the enzymes at the phosphoglucose isomerase (PGI) locus are common in Colias butterflies. Previous studies demonstrated that the flight ability of these butterflies depends on the presence of particular PGI alleles. PGI influences the thermal dependence of flight because one of the steps in the metabolic pathway that butterflies use to fuel their flight muscles is governed by PGI. Heterozygotes have a superior ability to sustain flight, especially outside the optimal body temperature of 35ºC–39ºC. 
Most of the flight time of the males is spent patrolling the tops of the vegetation searching for newly receptive females. Temperatures during the Colias mating season fluctuate widely during the day. Most females emerge from their pupae in early hours of the day.
Methods

Researchers Ward Watt, Patrick Carter, and Sally Blower, citing the previous studies, predicted that heterozygous male Colias eurytheme butterflies would have greater mating success in nature than homozygous males. 
1. What hypotheses support this prediction? 
To test their prediction, the scientists captured butterflies in the wild, and determined their genotypes for the PGI gene. The butterflies then mated and the females lay eggs. The scientists determined the genotypes of the offspring and from these data determined the genotype of the fathers and, therefore the mating success rate of each group. 
The researchers were aided by several important factors. First, even though a female C. eurytheme may mate with more than one male, sperm precedence is complete. That is, a female stores the sperm of only the most recent mate, which is then used to fertilize all subsequent eggs produced. Thus, all the eggs laid by a female during a given period share a single father. Second, females readily lay eggs in captivity and the larvae are easy to rear on an artificial diet. Third, the genotype of the mothers and fathers can be determined by electrophoresis of the larvae.

2. Identify the IV and the DV of the investigation. Identify the experimental and control groups. 
3. In this study, results of previous investigations make a hypothesis possible. However in studies for which there is little background information, researchers are not able to make an informed hypothesis; instead they take the null hypothesis. The null is the prediction that there will be no differences between the experimental and control groups. State the null hypothesis for this experiment using the if…then… format. 
Data

Table 1:  
Genotype frequency comparisons between sampled viable males and males successfully mating
	date
	genotype
	sample n
	# viable males
	% viable males
	sample n
	# mating males
	% mating males

	9/1983
	Heterozygous

	78
	38
	
	80
	58
	

	
	Homozygous

	
	
	
	
	
	

	11/1985
	Heterozygous

	92
	44
	
	59
	45
	

	
	Homozygous

	
	
	
	
	
	


4. Complete the table above, finding the number of homozygous viable males, the number of homozygous mating males, and the percent of each genotype. 
5. Under the assumption that the proportions of mating males of each genotype should be in the same proportion as it is for all viable males, calculate the number of mating males expected to be heterozygous for each trial. Round to a whole number. 

6. How different are the observed data from the expected? Use the heterozygote data from the table, and the expected number of heterozygotes calculated in #5 above to do an error analysis.  Use: percent error = ((actual – expected)/expected) x 100 
7. Do the data support the researchers hypothesis, or the null hypothesis? Justify with evidence. 

     8. Colias mating behavior is an example of sexual selection. Which male genotype is the most ‘fit’ in this population? Predict the frequency of each allele in the population given this selection. Justify. 
9. The results suggest a relationship between the two variables, genotype and mating success. Is the relationship one of causation or correlation? Justify. 
10. This data does not generate a definitive explanation for why heterozygous males disproportionately father offspring. It is also possible that the observed fitness differences were not due to alleles at the PGI locus but were due to genes at other loci on the same chromosome. The investigators tested and rejected this alternative explanation. What data could they have used to accomplish that task?
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