The genetics and evolution of a fruit fly

Part 1.  The Generation of Variation in Traits as a result of Sexual Reproduction

Introduction:


Genes that determine traits come in pairs (alleles) and are encoded and arranged on pairs of homologous structures called chromosomes which are found in the nuclei of most cells.  During the process of making sex cells the chromosome number is reduced by a half (haploid).  When the sex cells come together again, during the process of sexual reproduction, the normal diploid number is restored.  In addition, because chromosomes have been sorted randomly into sperm and egg cells, the new combination of alleles produce new combinations of genotypes resulting in variation in phenotypes.


A fruit fly has four pairs of chromosomes. In this Fruit Fly genetics activity, it takes all eight chromosomes to make a Fly.  Each egg or sperm therefore only carries 4 chromosomes. 

Materials:

Egg, sperm, Chromosomes, Insect Parts drawings, colored pencils, unlined paper.
Procedure:

1.  Work in pairs.  You will be provided with a chromosome sheet (showing 4 pairs of chromosomes) and a pair of eggs if you are a female and a pair of sperm if you are a male. You should individually record your starting genotype/phenotype (Use the Insects traits key to determine phenotype.)
2.  On a clean sheet of paper, use the colored pencils and insect parts stencil provided to draw and color a picture of your parent fly.
3. Make eggs or sperm by cutting out chromosomes and dividing each pair of chromosomes randomly into the eggs or sperm so that each sex cell receives one of each chromosome.

4. Its now time to find a mate. Find a partner of opposite sex.  Match sperm with egg
5. Open the egg and sperm and examine the chromosomes. Pair up the chromosomes by matching the traits on them.

6. You should individually record your offspring's genotype and phenotype.

7. On the same sheet of paper as the parent, use the colored pencils and insect parts stencil provided to draw and color a picture of your offspring fly.
[image: image1.wmf]
Ee=Yellow eyes, Oo=Beige wings, Bb=Brown bodies. All other heterozygotes are intermediate in size.

Parent Fly Table:
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Offspring Fly Table:
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Conclusion questions:

1.  What two main events occur as a result of meiosis?

2.  Why did your fly have offspring that were different to you and your mate?

3.  Why is it useful for an organism to have variation in traits within a species?

4.  How might crossing over during meiosis have been modeled in this activity and how would it have affected your results?

Part II  The result of Natural selection on different traits.

Introduction:
The Fruit fly has many traits, a few of which you have investigated in the last activity.  Variation amongst these traits can sometimes be hard to see but if you were a fly you would notice the same size shape and color differences in body parts (as well as differences in behavior) as you see in the humans around you!

For any environment some traits are advantageous for survival, some are a disadvantage and others are neutral.  

Directions:

1.  Get into groups of 4

2.  Show pictures of your fly to the other team members

3.  Discuss the following scenarios and talk about which fly/s would survive and why.

4.  Answer the questions given in the conclusion:

Scenario 1. You are on an Island with no predators, abundant food, and consistent weather patterns.  Millions of years go by and not much happens.  Any traits you have are OK in this environment.

Scenario 2. Plate tectonics have gradually pushed the land higher.  A colder, different ecosystem results in the appearance of predatory birds.  Orange wings and black bodies help the fly blend into the sandy-rocky background and camouflage them.  Green wings are a "dead" give-away and mean you are easily identified and eaten.

Scenario 3.  A gradual shift in the tilt of the Earths axis result in changing atmospheric conditions.  Where you live becomes wet and warm.  Long legs would have an advantage helping the flies use surface tension to walk on the surface film. However an underwater insect can sometimes grab onto the long legs this gives a slight advantage to the medium-legged flies.  Short-legged flies simply drown!

Scenario 4. A "killer" asteroid strikes in another country.  Dust in the atmosphere alters the environment in such a way that your food source becomes scarce.  Bigger wings and a longer thorax are an immediate advantage in traveling further to search for food.

Conclusion Questions:
1. What would happen to the advantageous traits in a population?  Explain why.

2. What would happen to the traits that were a disadvantage?  Explain why.

3. What would happen to the genes responsible for the traits that were not advantageous?

4. Where did the non-beneficial genes go?

5. If the environment changed back after a few hundred thousand years the non-beneficial trait might now be needed again.  What process might enable the trait to reappear?  Explain your answer.

6. Explain what is causing the change over time.

Part III  The Mating Game.

(The genetic basis of Evolution)

Introduction: 

Remember our two protein mantras?   ...."You are your proteins" and "Proteins do work".  You should realize that the different proteins that individuals make give rise to different traits.  In other words, each trait in an organism is the result of genes on chromosome making proteins.  Also, recall that pairs of alternative forms of a gene that occupy the same locus on homologous chromosomes and that control the production of the same protein are called alleles.
In this exercise you will examine how natural selection changes the frequency of these alleles in a population. It is the change in frequency (or availability) of alleles in a population is what leads to change over time (evolution).

Directions:

1.  Each student should make or receive 4 cards to represent alleles of a gene.

2.  Two cards should have "A" on them and the other two "a".

3.  Work with a partner to generate two offspring as follows:

4.  Each parent start with an "A"  card (allele) and an "a" card. (you do not need your other cards just yet).  You therefore start with a heterozygous Aa genotype.

5.  Do not show your partner your cards and allow them to pick one…switch roles and repeat

6.  The resulting pair of cards is the genotype of offspring #1.  

7.  Reset the cards and repeat the process to randomly generate offspring #2.

8.  Now you can bring out the other cards you are saving.  Use them to take on the identity of one of the offspring.  Your partner takes on the identity of the other offspring.  Save the remaining two cards.

9.  "Fly away" and find another partner and repeat the process for a total of five times (generations).

10.  Record your identity after each generation in the corresponding mating game chart.

The Mating Games:

We will play four mating games corresponding to the scenarios given in Part II. 

For each of the following scenarios start with an initial population of randomly mating heterozygous individuals.

Scenario 1.  No Selection:
	Individual results
	Class results

	Number of each genotype
	Number of each genotype

	Generation
	AA
	Aa
	aa
	AA
	Aa
	aa

	1
	
	
	
	
	
	

	2
	
	
	
	
	
	

	3
	
	
	
	
	
	

	4
	
	
	
	
	
	

	5
	
	
	
	
	
	

	Total
	
	
	
	
	
	


Scenario 2.  Selection against homozygous recessive (Green Wings die)

Repeat the mating game except when homozygous recessive comes up it dies.  You and your partner should continue to mate until another genotype is made that is not lethal.

	Individual results
	Class results

	Number of each genotype
	Number of each genotype

	Generation
	AA
	Aa
	aa
	AA
	Aa
	aa

	1
	
	
	X
	
	
	X

	2
	
	
	X
	
	
	X

	3
	
	
	X
	
	
	X

	4
	
	
	X
	
	
	X

	5
	
	
	X
	
	
	X

	Total
	
	
	X
	
	
	X


Scenario 3.  The heterozygote advantage. (Medium legged flies live)

Repeat scenario 2 but is time if Homozygous dominant comes up (AA) then flip a coin to see if it lives (eaten by the subsurface insect).

	Individual results
	Class results

	Number of each genotype
	Number of each genotype

	Generation
	AA
	Aa
	aa
	AA
	Aa
	aa

	1
	
	
	X
	
	
	X

	2
	
	
	X
	
	
	X

	3
	
	
	X
	
	
	X

	4
	
	
	X
	
	
	X

	5
	
	
	X
	
	
	X

	Total
	
	
	X
	
	
	X


Scenario 4.  Selection against Homozygous dominant (Short wings die).

	Individual results
	Class results

	Number of each genotype
	Number of each genotype

	Generation
	AA
	Aa
	aa
	AA
	Aa
	aa

	1
	X
	
	
	X
	
	

	2
	X
	
	
	X
	
	

	3
	X
	
	
	X
	
	

	4
	X
	
	
	X
	
	

	5
	X
	
	
	X
	
	

	Total
	X
	
	
	X
	
	


Class Results and Summary Analysis:

	Condition
	AA
	Aa
	aa

	Scenario 1

No Selection
	
	
	

	Scenario 2

Against Homozygous

Recessive
	
	
	

	Scenario 3.

Heterozygote 

Advantage
	
	
	

	Scenario 4.

Against  Homozygous

Dominant,
	
	
	


Questions:

1.  What is variation?  Give two examples of variation in the examples you have just completed.

2.  What causes variation?

3.  What is natural selection? Give an example from the scenarios you have just completed.

4.  Look at the class allele totals for mating game #1 and mating game #2.  Explain how and why they are different.

5.  What is evolution?  List two examples of evolution modeled in the exercises you completed.

6. How does Evolution occur?  What, at the molecular level,  actually changes over time?

Insect Stencil Sheet:

Use these body parts as a stencil to trace your fly.
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Insect Chromosomes #1
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Insect Chromosomes #2
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Insect Chromosomes #3
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Insect Chromosomes #4
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Insect Chromosomes #5
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Insect Chromosomes #6
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Evolution concept map.

Sources of Trait Variation





Things that act on the different traits to make some individuals better able to survive  














