This is the original experiment run by BLG144 students in 2017.
Foraging behaviour of fruit flies (Drosophila melanogaster). 

This experiment will be written up as a formal Laboratory Report due on Friday February 28th. Details about the expectations for your Laboratory Report will be available on D2L in a separate document (see BLG formal lab report_2020.doc). Each lab will run a short foraging experiment using a wingless form of Drosophila (Greek for moisture + loving) melanogaster (Greek for dark-coloured + belly). The wingless (apterous) variety is a chromosome II mutant that lacks all wing blade structures and will be used in this lab in order to prevent escapees.

Drosophila have a single gene that codes for foraging, the for gene, and this provides us with a rare example of a simple gene that codes for a complex behaviour. As you will see in your textbook, the for gene was discovered by Marla Sokolowski in 1980 during her undergraduate research assistantship1. Marla, who is now a Professor at the University of Toronto, noticed that there were two different types of fruit fly larvae: one that wanders around –the Rover – and one that stays put – the Sitter. This behaviour is related to two different alleles, forR and forS. The difference in behaviour can be observed only in the presence of food and is seen in both the larval and the adult stages. 

[bookmark: OLE_LINK60][bookmark: OLE_LINK64]Allelic variation in the foraging gene is also known to be involved in attraction to a food source in adult flies (Shaver 1998). Sokolowski has continued to investigate a number of interesting questions using the fruit fly as a study organism (e.g., by mutating genes and looking at how these mutations affect behaviour, Sokolowski 2001), and there are a large number of interesting questions one can imagine would be worthwhile testing. Almost a decade ago, Fitzpatrick et al. (2007) provided one of the few experimental demonstrations of negative frequency-dependent selection by showing that Rover phenotypes have a selective advantage under high population density, while Sitter phenotypes are favoured at low population densities. A wealth of fruitful research awaits you in the study of fruit fly genetics and the evolution of behaviour.

Pereira and Sokolowski (1991) reported on detailed behavioural observations, using high speed video recorders mounted on a microscope, and found that Rover males (see Figure 1.1 for differences between male and female flies) achieved copulation faster and copulated for longer than Sitters. They speculated that increased wing vibrations and licking contributed to the mating success of these Rover fruit flies.   

Theoretical background on foraging (adapted from Aracena 2011):

Fruit flies do not feed directly on fruit, but feed on the bacteria and fungi growing on rotting fruit. They can locate food using chemoreceptors, which detect food sources by smell (even during flight). Once food is located, the flies will land and search on the ground for the source of the smell by contact chemoreception. Fruit flies use their front legs to ‘taste’ the substratum they walk on using chemoreceptors in their legs. Once suitable food is located, they will stop and feed using their proboscis until satiated, or until they run out of food. If food is limited, flies will engage in a “local search” strategy for other food patches (an area with a higher density of food than the surrounding area, Bell 1991), where their walking pattern can be characterized by a high turning rate and low locomotor rate (lots of turns, but slowly walking). With time (and hunger), their walking pattern gets straighter and faster, increasing the probability of leaving a patch and finding food. If another bit of food is located, their search strategy is reset and walking path becomes more convoluted again, which maximizes their ability to remain in a suitable foraging patch. Differences in walking patterns have been observed between Rover and Sitter phenotypes. Rovers tend to turn less and walk fast, whereas Sitters tend to turn more and walk slow, and although there is of course overlap between these two behaviour patterns, the differences follow a normal distribution in wild type flies and are significantly different (e.g., Students t-test for differences between means). 

Feeding
If you deprive fruit flies of food for 12-24 hours, but provide them with ready access to water, they will feed on various sugar solutions. Local search walking patterns are induced when provided 0.25 μL drop of 250 mM sucrose, and other types of sugars may be ingested. Feeding preferences can be determined using two-choice tests and Aracena (1996) found that sucrose (100 to 500 mM) is preferred over glucose and fructose when flies are given patches of food to choose from under semi-natural conditions. Higher concentrations are too sticky and flies may get physically stuck in the food: higher concentrations are also probably difficult to ingest. Lower concentrations are not preferred. The substance, quinine – a bitter compound - is a strong deterrent, but very hungry flies will feed on solutions of sugar containing quinine if deprived of food for long enough (e.g., up to 48 hours in wild flies). Salt (NaCl) is another powerful deterrent. Additional stimuli (light, visual stimuli, smells, temperature, competition, predation, and the presence of mates) all affect feeding choices (Bell, 1991).

Experiment 1.5 Fruit fly foraging experiment
You will be able to observe the foraging and feeding behaviour of fruit flies directly by eye, but we will also use a digital microscope to magnify and record their foraging behaviour. We will use a large Petri dish with a foraging arena in the center part of the dish as a testing arena (Figure 1.2). We will do three 2-choice feeding tests: 1) Do hungry (apterous) fruit flies prefer real banana (solution) or banana-flavoured sugar (solution)? 2) Do hungry (apterous) fruit flies prefer a yeast solution to a sucrose solution? 3) Do hungry fruit flies prefer a sucrose solution compared with banana-flavoured sugar solution? Feeding solutions will be coloured with food colouring (red or blue) in each of the two-choice tests (e.g., the real banana solution will be coloured red and the banana candy solution will be coloured blue or vis versa). Hungry flies will be placed in the foraging arena and allowed to feed for 60 minutes. We will record foraging behaviour at regularly- timed intervals and the flies will be scored, using a digital microscope. Ingested food colouring will be visible through the flies’ abdominal walls, which will allow you to score numbers and proportions of flies that ingested either the red, blue, both, or neither solution (Figure 1.3). 



Animals:
Drosophila melanogaster – These fly stocks were originally obtained from Boreal (Ward’s) Science.
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Figure 1.1. In order to tell the difference between male and female flies, look at the last 2-3 segments of the abdomen. In the male, they are dark, but the female has a tan abdomen, which is also more pointed in shape.  Note that the strain you will be using has no wings! For additional details see: http://flybase.org/
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Figure 1.2. Large Petri dish with foraging arena. .
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[bookmark: _GoBack]Figure 1.3. Microscope view of frozen fruit flies that ingested coloured sugar solutions. The food colouring is visible through the flies’ abdomens and indicates that the purple fly ingested both red and blue solutions, whereas the blue and red flies selected only blue or red food respectively. – source Aracena (2011).

Equipment:
LAB: 
	Regular refrigerator with freezer
Digital microscopes set up and attached to laptop for observation & recording video/photos
Alternate light source for digital microscopes and bottle of water to prevent over-
heating
3 small paint brushes per lab for moving flies into foraging arena
Petri dishes (3 per lab for foraging arenas)
Starvation chambers or vials 
Desktop balance (0.1 g accuracy) and weighing paper or boats
Mixing plate and magnets
Frozen ice blocks in reinforced ziplocks (three per lab) to cool flies off for final count
Feeding trays (plastic pipette trays) – 3 per lab 
Cardboard caps or small boxes to keep flies in the dark
Stopwatches
500 g sucrose or regular sugarcane granulated sugar
Banana flavouring (or banana candies that can be dissolved) – make sure to 
record g of sugar (nutritional information)
Yeast paste 2:1 by weight with water made fresh that day.
Food colouring (red and blue)
Fruit flies Drosophila melanogaster apterous (2 small colonies per lab with > 50 
adults each should be enough)
Labeling tape
Box of 10 cm diameter filter paper

PROTOCOL:
PART A: TO BE DONE BEFORE THE LAB BY LAB TECHNICIANS
1) Starve apterous fruit flies for 12 hours the evening before the experiment. Make sure to give them water on a piece of filter paper. We should be able to use the same flies used in the morning experiment for afternoon labs if they are returned to starvation chambers after the lab.
2) Preparation of solutions:
a) Prepare 250 mL of 250 mM sucrose solution
1 M sucrose is 342.29 g in 1 L of water 
250 mM sucrose is 0.3429 * 250 = 85.87 g of table sugar in 1 L of water (or 21.47 g in 250mL of water)
	
b) Prepare 250 mL of 250 mM real banana solution
Crush two old bananas – there are approximately 12 g of sugar in a single banana. To create a banana solution with approximately 250mM of sugar, you will need to blend two crushed bananas with 279.5 mL of water. 

c) Prepare 250 mL of 250 mM fake banana solution (e.g., from Bulk Barn banana candies OR use banana flavouring mixed with sugar solution)
If using banana candy, each 100g of juicy banana gummies contains 79g of sugar. To get 85.87 g per L, dissolve (85.87/0.79 = 108.7g) 108.7g of gummies in 1L of water. This would be 27.175 g/250 mL water. If using banana flavoured sugar solution, follow instructions for solution a), but add flavouring.
 
d) Prepare yeast paste 2:1 by weight with water made fresh that day.

We will need a red and blue version of each solution to control for colour preferences. We can do the red version one week and the blue version the next, but will need to make sure to record which colour and solution comparison was being done each week. Colour and label all solutions. One drop of food colouring usually works well for 5 mL of solution. Blue tends to be more intense than red and you may need to adjust the number of drops needed for red vs. blue.

3) Preparation of foraging arenas (to be done before the lab by lab technician):
Tape the feeding trays to the Petri dishes and use micropipettors or small syringes to fill the wells of the feeding trays. For a feeding two-choice test, form a checkerboard pattern of red and blue, so that the flies have higher chances of finding both solutions. Carefully label the two-choice test (e.g., sucrose (red) vs banana flavoured sucrose (blue) comparison). We will use reverse colours during the second lab session week (i.e., sucrose (blue) vs banana flavoured sucrose (red).

PART B: TO BE DONE BY STUDENTS AND TA
During the laboratory the students will do the following:
1) Two student volunteers from each table will transfer the starved flies to the Petri dish arenas. Cooling the flies for 5 minutes in the refrigerator prior to this transfer may help. To transfer the flies, you will need to be quick and careful. You will remove the lids of the starved fly vials and the foraging arena dish, and then flip the starved flies into the foraging arena being careful not to lose any flies. Have the paint brushes ready to capture any rogue flies. Replace the labelled top lid to complete the transfer. Make sure to carefully keep track and label the lids with the comparison information being made. Have tape ready to secure the top of the Petri dish to the bottom so the flies cannot escape. Now record the start time and label it on the lid. Place the flies in the dark under a cardboard cap to avoid feeding preference biases due to colour.

2) At the 30 minute mark, a pair of students from each table will observe the flies’ behaviour and record total numbers and proportions of flies feeding on each solution for 60 seconds. This will be done by eye - without the use of (digital) microscopes. Record your findings in Table 1.4 and on the whiteboard. 

3) After all student pairs have had a chance to observe the flies and flies have foraged for a total of 60 minutes, another two student volunteers from each table will transfer the Petri dish onto an ice block (i.e., frozen Ziploc bags) and cool the flies for 5 minutes. This will allow them to take a snap shot photo using the digital microscope of the ‘frozen’ flies at a large enough magnification to view their abdomen colour and carefully count them. Double check your count. Your TA will help each lab bench to set up the digital microscopes with the laptops. 
4) Record your data in Tables 1.4 and 1.5 and on the whiteboard. These data will be entered into an excel spreadsheet by your TA (Desktop\BLG144\BLG144_fruitfly.xls). Class data will be combined across all lab sections for your report. Note to TA’s: Please save these files with another name on the computer desktop (e.g., BLG144_fruitfly_Ash_Jan25_Section2.xls)

DATA ANALYSIS:
We will use a Chi-square test to determine preference for solution A vs. solution B. Details of this will be provided in a hand-out with instructions for your lab write-up during the second lab.
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