Laboratory 1: Genetic Mapping In Drosophila

Introduction:  Drosophila melanogaster, more commonly known as the fruit fly, has been used extensively used in laboratory experiments for over a century.  People perform experiments with flies for several very important reasons.  The first is historical, in that it has been worked with so extensively.  Therefore, it is easy to handle and its genetics are very well understood.  Secondly, Drosophila is an animal that is easy to culture in the laboratory, and has a short life cycle.  Thus, scientists can study many generations in a relatively short period of time.  Today, thousands of scientists perform experiments using flies, and its contribution to the study of human health can not be understated.  In 1995 the Nobel Prize in Medicine went to Ed Lewis, Christiane Nusslein-Volhard and Eric Wieschaus.   

Experimental Objective: Map whether the Dumpy gene resides on chromosome 2 or chromosome 3

Learning Objectives:

1. Learn how to perform genetic crosses using Drosophila.  

a. Preparing food and making livable vials

            b. Sexing Flies

            c. Performing genetic crosses
            d. Observing and scoring phenotypes

2. Analyzing data and performing a statistical analysis

3. Understanding how chromosomes are arranged

4. Understanding the concept that some genes are linked (i.e. they assort together a high percentage of the time)

History and facts about Drosophila:

Drosophila melanogaster (the fruit fly) is an organism that is native to warm weather climates (i.e. the south).  However, you may notice that it is present in the wild here in Minnesota.  Why is that?  Drosophila was first seen in New York City in 1875 and in New Haven, CT in 1879.  It was introduced in these northern locales repeatedly in fruit shipments from the Southern United States repeatedly.  They are generally found near fruit, and during the cold whether months, it is most likely that they probably survive in fruit and grocery stores, or even in our homes.

Drosophila was first used in scientific research by Thomas Hunt Morgan (1866-1945).  The normal Drosophila eye color is read.  Morgan was the first to observe a mutation in flies in which the eye was white.  He was the first to work with the white eye mutation in 1910.  He discovered that inheritance of the white eye trait was dependent on sex.  Further work by Morgan and his colleagues showed that genes were arranged on chromosomes (Chromosomal Theory of Inheritance), leading him to win the Nobel Prize in 1933 based on his work.    
Drosophila is known as a model organism.  Model organisms are those whose genetic mechanisms are common to a large group of species, included in these are humans.  At first, Drosophila was well used for understanding the mechanisms of how traits are passed from parent to offspring.  However, over time its contribution to our understanding of human development and health has been enormous.  The reason why it is so useful is that many Drosophila genes have homologs (corresponding genes with similar structure and function) in humans.  Therefore, scientists have made significant contributions and are currently working on a broad number of projects.  These include cancer, birth defects, development of respiratory and circulatory systems, cardiovascular development and disease, learning and memory, brain disease, aging, diabetes, and the molecular mechanisms of drug abuse.   
Drosophila Life Cycle:

Drosophila is extremely beneficial to Biological research in that it has a relatively short life cycle.  Therefore, scientists can study many generations in a short period of time.  The average lifespan of Drosophila, like many other organisms, is dependent on environmental conditions.  The average lifespan of a fly in the lab tends to be about 26 days for wild-type females to about 33 days for wild-type males.  Note, mutant flies will generally have a shorter lifespan.  After mating, a female fly will lay an egg that is about 1 mm long.  After approximately 1 day, the eggs will hatch and larvae will crawl out.  The larvae will crawl around in the media, and appear white.  They will grow for a period of four days after hatching, and they moult about 1 day, 2 days and three days after hatching (first, second and third instars).  After two days as third instar larvae, the larvae will crawl up the wall of the vial and will form an immobile pupa right on the wall.  This is the start of the pupal stage.  Over the next 4-6 days most of the larval tissues will be destroyed, and the adult form of the fly will develop.  When the pupal stage ends, the adult fly emerges from its casing and is fertile within about 12 hours (For figure see next page).


Genetic Crosses:

Gregor Mendel, and Austrian Monk in the Roman Catholic Church, is known as the “Father of Genetics” and he set up the first, and perhaps most famous Genetic Cross, in 1865.  Mendel used the garden pea, Pisum stivum, as his research organism because they are easy to cultivate and breed.  In his experiments Mendel asked how traits were inherited from parent to offspring.  In his experiments, he made use of mutants that were commonly used in horticulture.  The phenotypes (form or trait that is visualized) he chose to study were pea color, pea shape, pod color, pod shape, flower color, flower shape, plant size, and flower shoot position.  The first set of crosses he performed were to take two plants that are identical and mate them together (i.e. he mated a yellow seeded plant with another yellow seeded plant).  As expected, he found that all the offspring are yellow seeded.  In the next cross, he mated a yellow seeded plant with a green seeded plant.  These two plants are known as the parental, or P1 generation, and will give rise to the first generation of offspring, or the F1 generation.  In Mendel’s cross, all the offspring were yellow.  He then mated two plants from the F1 generation together.  Upon doing this, he found that ¾ of the plants of the F2 generation were yellow seeded and ¼ of the F2 generation green seeded.  This led to Mendel’s first law of independent assortment, where an offspring has an equal chance of inheriting a trait from either one of its parents.  

In modern terms, Mendel’s work means the following:

1. A hereditary factor called a gene is necessary for producing a specific trait (i.e. pea color)

2. In most organisms, there are two copies of each gene, with one coming from the father and one coming from the mother.  Furthermore, each gene can have multiple variants, known as alleles.  For instance, if the Y gene determines pea color, then it is represented by the letter Y.

3.  A pea plant can either be Y/Y, Y/y or y/y.  This constitutes the organism’s genotype.  

The outward appearance of the trait encoded by the genotype is the organism’s phenotype.   Since the yellow color appears dominant to the green color, then Y=yellow, and y=green.  For individuals that are Yy, they appear yellow, as Y allele is dominant to the y allele.  

4. Each gamete (e.g. sperm or egg depending on gender) has an equal chance of getting either allele from a gene pair.

Pre-lab Question 1: Determining offspring of a Monohybrid cross

A cross studying just one trait is known as a monohybrid cross.  In this lab, we will not be using pea plants, but Drosophila.  Furthermore, in this laboratory, all the traits that we will study will be recessive.  Therefore, let’s take a look at a Drosophila gene.  For instance, let’s study eye shape.  In wild-type flies, the eye shape is circular.  However, there are flies that carry a mutation, such that the eye will be Bar shaped.  The wild-type allele is dominant and will be noted by (B).  The Bar allele is recessive and will be denoted by (b)

Determine the genotype and phenotypes of the F1 flies from the following cross, using the above information.

P1: BB (wild-type fly) X bb (bar eye fly)

1a) Write down the potential gametes for each parental fly:

1b) Write down the genotypes and phenotypes for all offspring (F1):
Now you choose to cross 2 flies from the F2 generation and cross them together.

1c) What are the genotypes of the flies you are crossing together?

1d) What are the genotypes of the offspring (F2) and the ration produced from this cross?

Pre-lab Question 2: Determining offspring from a dihybrid cross.

Now, let’s try studying a cross where we follow two genes.  We’ll continue using the eye shape, but let’s use the Body Color gene.  Wild-type flies have a brown body color, which we will denote with (C).  The brown body color is dominant to the black body color, which will denote with (c).  

Cross 1: Now let’s cross a Wild-type fly with a bar-eye, black bodied fly.

BBCC X bbcc

2a) Determine the gametes for each parent (hint: there should be four for each parent)

2b)  What are the genotypes and phenotypes of the offspring (F1) from this cross.

2c)  Now let’s cross two flies from the F1 generation.  What are their genotypes and phenotypes?      
The genetic code is encoded by DNA and arranged in genes.  The collection of all genes the organism has is called the genome.  The genome, in turn, is arranged in chromosomes.  For instance, humans have 23 pairs (or 46 total) chromosomes, with one pair coming from the mother and the other from the father.  By contrast, Drosophila have only four chromosomes.  In the questions we answered above, we were assuming that the Bar gene, and the Body Color gene are sorting independently, and thus were on different chromosomes.  Now, let’s study the miniature gene, and the forked gene.  A recessive mutation in the miniature gene causes the fly’s body to be abnormally small.  A recessive mutation in the forked gene causes the wing to have an abnormal shape. 

M = wild-type

m=  miniature

F = wild-type

F = forked

Both the miniature gene, and the forked gene are on the same chromosome.  Now let’s cross a wild-type fly, by a fly that is miniature and forked.

The cross:   MF/MF X mf/mf

Pre-lab Question 3: Do you think the miniature and forked gene will sort independently?  Why?

Now, let’s go through the cross.  The only possible gametes for the wild-type fly are MF and MF.  The only possible gametes for the miniature forked fly are mf/mf.  All the flies from this cross are going to have a wild-type phenotype, and are going to have the Genotype MF/mf (see punnet square below).  

                                          MF             MF

                                 mf    MF/mf        MF/mf

                                 mf    MF/mf        MF/mf

The reason why this punnet square is written like this is because the Miniature and Forked genes are linked (on the same chromosome).  Now, let’s cross two flies from the F1.  

Cross: MF/mf X MF/mf

The potential gametes of these flies are as follows.  Since the miniature and forked gene are on the same chromosome, then wherever M goes, then F must also go.  It also follows that wherever m goes then f must also go.  If you imagine that a chromosome is like a piece of string, it is basically like they are on the same piece of string.  The only way to separate M from F would be to cut the string.  Therefore, our gametes for each fly are MF and mf.  When we set up the cross we get the following genotypes.

                                   MF              mf

                          MF   MF/MF      MF/mf

                          mf    MF/mf        mf/mf

We get 1 MF/MF: 2 MF/mf: 1 mf/mf.  For phenotypes, three flies will be wild-type and 1 fly will be miniature.  This ratio is the same as if we were just following one gene.  If you performed this cross, occasionally you will find flies that are only miniature, or flies that are only forked.  These flies arise from recombination (sorting of alleles into new combinations by crossing-over).

Pre-lab Question 4:  You cross a fly that is MF/mf x mf/mf.  What are the genotypes and phenotypes of the offspring of this cross?

In lab 1, we will attempt to determine which chromosome the Dumpy gene is on.  Therefore, we will use flies that carry a recessive dumpy mutation (i.e. dd).  These flies appear small and fat.  In order to do this, we will use a strain that is recessive mutant apterous, and recessive mutant sepia (i.e. aass).  This apterous mutation causes the wings to be small and wrinkled, and sepia causes the eyes to be reddish brown instead of bright red.  The apterous gene resides on chromosome two and the sepia gene resides on chromosome three.

Questions For Lab (We’ll do as a group-not to be turned in as Pre-lab Q’s):

1. If Dumpy were on chromosome 2, what would be the genotype of the offspring in the F1 generation?

2. If Dumpy were on chromosome 3, what would be the genotype of the offspring in the F1 generation?
Materials:

1. CO2 Tank and regulator

2. Empty Vials and Plugs

3. Fly Food (flaky material) in Tubs 

4. Tagosept in the dispensing jar

5. Dried yeast

6. Dissecting microscopes with overhead light

7. Paint brushes

8. Forceps

9. Sharpies

10. Box for sorting flies

11. Beaker with soapy water (fly morgue)

Procedure:

1. Obtain 1 vial of dumpy flies d/d from the instructor, and 1 vial of apterous/ sepia flies (aa/ss).

2. Clear vials of all adult flies by gassing with CO2 and then moving them from the vial to the fly morgue (beaker of soapy water)

3. After about 8-9 hours, collect 5-7 virgin apterous/sepia females.  Note: female flies store the sperm of all the males with which they mate.  Therefore, if you wait longer than this, the females will have already mated, and will no longer be of use to you.  (To sex flies see supplemental handout)

4. Mate these females with 10-12 Dumpy males.  The males do not need to be virgin.

5. Let flies mate for 5-6 days, and then remove the adults by moving them to fly morgue.   
6.  At seven days remove the progeny and score them for phenotypes

7. Of the F1 progeny, mate 5 females by 10-12 males.  Since all F1 flies will be of the same genotype you do not need to collect virgins.

8.  Allow them to mate for 5-6 days, and then remove the adult flies.

9. At 7 days remove and score the F2 progeny.
