The Genetics of Drosophila Project
A Fruit Fly "Crash Course" Review

Directions:
After reading your packet of Fruit Fty information, please answer the following review questions.

1. Explain the 5 learning objectives that you will master after completing the Fruit Fly Project.

2. Draw a picture of the Fruit Fly Life Cycle and briefly explain each stage.

3. Discuss 4 clues used to determine the gender of a Fruit Fly?
MALES FEMALES

4. Discuss 5 things that might jeopardize the health of your Fruit Fly cultures,

5. Explain the technique to anesthetize a Fruit fly culture using FlyNap.

6. Explain the 3 types of breeding crosses you will be exploring in this project,

7.  What do Fruit Flies eat?

8. How long do adult Fruit flies typically live?



10.

11,

12.

13.

14,

15.

16.

How many eggs will some females lay over 10 days?

How long is a typical life cycle and what is the main factor that influences the timing?

Explain how to distinguish an aduit Fruit Fly from one that has recently emerged from the pupa stage?

What signs would you look for indicating that your Fruit Fly cultures are successfully growing?

Explain 1 NONharm{ul side effect you may witness using FlyNap?

How long should you anesthetize a Fruit Fly vial and how long do they sleep?

What is the haploid chromosome number for Fruit Flies (how many different kinds or pairs)?

Explain how you would control mating to be sure that a female would only mate with a Fruit fly with a
different allele for a trait and not with other Fruit flies that carry the same aliele trait?

. What kinds of Fruit fiy traits or features may show mutations that you might look for in this project?

“Oh myl...What a cufe litte maggoll® Hy fravelogues You've just metamo

“Yeah, yach, buddy, I've heard H ofl before:

tphosed and you've got
24 hours fo find a mata ond bregd befogre
you dia. ... Well, gat losh”
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LABORATORY /. GENETICS OF DROSOPHILA

OVERVIEW

OBJECTIVES

INTRODUCTION

i
I
In this laboratory you will use fruit flies to do genetic crosses, You will Jearn how to collect and

manipulate fruit flies, collect data from F, and F, géncrations, and analyze the resuits from a
monochybrid, dihybrid, or sex-linked cross. |

At the completion of this laboratory you shouid be ?able to

# conduct a genetics experiment for a number of gft-ncrations
compare predicted results with actual results

explain the importance of chi-square analysis

design genetic crosses in an experiment to illustr'ate independent assortment and sex-linkage

discuss the life cycle of the fruit fly, recognize the sex of fruit flies, and recognize several
types of classic mutations

Drosophila melanogaster, the fruit fly, is an excellent organism for genetics studies because it
has simple food requirements, occupies little space, is hardy, completes its life cycle in about
12 days at room temperature, produces large numbe.rs of offspring, may be immobilized readily
for examination and sorting, and has many types of |hercd1tary variations that can be recognized
with low-power magnification. Drosophila has a small number of chromosomes (four pairs).
These chromosomes are easily located in the large siaiivary gland cells. Drosophila exists in
stock cultures that can be readily obtained from sevéml sources. Much research about the
genetics of Drosophila over the last 50 years has resulted in a wealth of reference literature and
a knowledge about hundreds of its genes. ;

The Life Cycle of Drosophiia

It is important to realize that a number of factors deicnnine the length of time of each stage in
the life cycle. Of these factors, temperature is the miost important. At room ternperature (about
25°C), the complete cycle takes 10 to 12 days.

The eggs. The eggs are small and eilipsoid and have two filaments at one end. They are
usually laid on the surface-of the culture medium and, with practice, can be seen with the naked
eye. The eggs hatch into larvae after about a day. ‘

The larval stage. The wormlike larva eats almost continuously, and its black mouth parts can
casily be seen moving back and forth even when the larva itself is less distinct. Larvae channel
through the culture medium while eating; thuschangneis are a good indication of the successful
growth of a culture. The larva sheds its skin twice as it increases in size. In the last of the three
larval stages, the cells of the salivary glands contain giant chromosomes, which may be seen
readily under low-power magnification after proper staining.

The pupal stage. When a mature larvain a laboraiitory culture is about to become a pupa, it
usuaily climbs up the side of the culture bottle or cxi}to the paper strip provided in the culture.
The last larval covering then becomes harder and dérker. forming the pupa case. Through this
case the later stages of metamorphosis to an adult fly can be observed. In particular, the eyes,
the wings, and the legs become readily visible. 5
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The adult stage. When metamorphosis is complete, the adult flies emerge from the pupa
case. They are fragile and light in color and their wings are not fully expanded. These flies
darken in a few hours and take on the normal appearance of the aduit fly. They live a month or
more and then die. A female does not mate for about 10 to 12 hours after emerging from the
pupa. Once she has mated, she stores a considerable quantity of sperm in receptacles and
fertilizes her eggs as she lays them. Hence, to ensure a controlled mating, it is necessary to use
females that have not mated before.

Figure 7.1: The Life Cycie of Droscphlla melanogaster

l t-2 Days

Adult Female (9}

First [nstar
Larva

Design of the Exercise
This genetics experiment will be carried on for several weeks. Drosophila with well-defined
mutant traits wili be assigned to you by your teacher. You are responsible for making
observations and keeping records concerning what happens as mutant traits are passed from one
generation to the next. ‘
Assignments will be made for particular genetic crosses of flies having one or two
mutations. The types of crosses available are:

1. Monohybrid. In these experiments, the method of inheritance is determined when a single
contrasting pair of characteristics is involved.

2. Dihybrid. In these experiments, the method of inheritance is determined when two pairs of
contrasting characteristics are considered simultaneously.

3. Sex-linked, In these experiments, the method of inheritance is determined when the mutant
characteristic is associated with the X chromosome.
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K
I

Procedure

To make these experiments interesting and challenging, you will not be given any
information about the types of crosses in the experiments, and the name for the particular
mutation(s) assigned will not be revealed. Study the wild-type flies {both male and female)
until their phenotype characteristics are familiar, Flies having one or two mutations can then
be identified by making comparisons with the wild-type flies. The mutation(s) most likely
will be in eye color or shape, bristle number or shape, wing size or shape, or antennae size or
shape. You should make up your own name for the particular mutation(s) that you identify in
your flies,

1. Obrain a vial of wild-type flies. Practice immobilizing and sexing these flies. Examine these
flies with regard to eye color and wing shape. Fiy i 0

2. To make handling casier, the flies are immobilized by chiliipg. The activity of the flies is
dependent on environmental temperature. The following procedures can be used to
immobilize the flies. (Your teacher may assign a different method for immobilizing the
flies) UUse Fly Map = directions fater in packe t

/4. Hold the vial containing the flies at an angle and twirl it in the ice (in the bucket) for

: several minutes,

| b. When the flies are immabilized, dump them into a small plastic petri dish containing a #1

,  Whatman filter paper. : _

/ ¢. Place the petri dish on top of a bowl of ice in order to maintain the cool temperature

necessary to keep the flies immobilized.

“d, Use the dissecting microscope to view the flies. The top of the petri dish can be on or off

when viewing,

3. Distinguish male flies from female flies by.lboking for the following characteristics. Males
gre usually smailer than females, Males have dark, blunt posteriors, whereas the females
have lighter, pointed posteriors, The males have sex combs, which are groups of black
bristles on the uppermost joint of the forelegs, whereas the females do not.

Flgure 7.2: Female and Male Drosophila

:ﬁosr::zral ¥ Sex Comb in Male
Transverse [ @ { Heavily
Stripes [ 4 Pigmented Tip

of Abdomen

Adult cha!e (2)

4. Obtain a vial containing pairs of experimental flies. Record the cross number of the vial,
This number will serve as a record as to which cross you have obtained. These flies are the
parental generation and have already mated. The females should have already iaid eggs on
the surface of the culture medium. The eggs (or maybe larvae now) represent the first filial,
F,, generation and will be emerging from their pupa cases in a week.

¥



DORSAL VIEW

VENTRAL VIEW OF ABDOMEN

VENTRAL VIEW OF FORELEG

Figure IV—4. Male and femaie Drosophila. Left, male. Right, female.
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distingnished through examination
of the genital organs with magni-
fication (Fig. 11). The male genitalia
are surrounded by heavy dark bris-
ties which do not occur on the fe-
male. This characteristic is quite
distinct even in a fly that has just
emerged from the pupal case
{puparium),

In older flies the posterior part '
of the abdomen is quite dark in males nlgfure 1% Sex combs on front legs of mals
and considerably lighter in females,

The tip of the abdomen ig more rounded in maies than in females, and the
female has more sternites. In general, male fruit flies sre smaller than females
of the same strain, but size is not a reliable character for sorting the sexes.

With care the sexes can be distinguished by examination of the front
legs. There are sex comnbs (Fig. 12} on the front legs of the male but not on
those of the female. Thig characteristic can aven be used to identify the sex of
the individual while it is stil] within the pupal cage.

Mating and Counting

Every vial should be clearly labeled with the characteristics of each parent.
The first cross between strains is called the parental generation, the Pi. The
progeny of the first cross is the first Rlial generation, the Fi. The next
generation is the F: and so on.

The virgins selected for a cross should be swept onto a card that has been
folded down the center. About six virgins are tapped into a culture vial with
about the same number of males of another strain. For reciprocal crosses,
additional cultures are set up with the sex of each strain reversed.

About 7 to 10 days after a cross is started, the parents should be removed,
This is to preclude breeding between generations and to avoid confusion
when counts are made. ’

About six pairs of flies, which need not be virgin, are chosen from the F:
and placed in a fresh culture vial to produce an Fz. After 7 to 10 days the Fi
flies should be removed from the culture.

A count of the F: progeny should start the day after emergence of the
new generation. Generally on the first day of emergence, a culture will
produce mere {emales than males. On successive days the proportion of
males tends to increase so that the sex ratio balances,

The progeny should be anesthetized and counted every other day for
about 10 davs. Counts made during less than 10 days may omit individuals
with slow developmental rates because of their sex or some mutation. Counts
bevond 10 days run the risk of including flies of the next generation. Once
counted, the flies should not be returned to the same culture vessel



