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Drosophila Foraging Behavior   WEEK 4 and 5


The foraging gene (for) in Drosophila provides a rare example of a single gene that underlies a naturally occurring complex behavior. Two natural variants have been isolated from a wild population (Sokolowski, 1980).  These natural variants have been selected such that we now have two strains that show different food-search strategies.  Individuals with the rover allele (forR) move greater distances while feeding than do individuals that are homozygous for the sitter allele (forS).  This difference is seen in both the larval and adult stages and is seen only in the presence of a food source.


Interestingly, allelic variation in the foraging gene is also known to be involved in attraction to a food source, but only in adult flies (Shaver, 1998). The pleiotropic nature of this gene is also demonstrated by its role in neuronal function such as habituation (Scheiner et al., 2004) and escape response (Engel et al., 2000).  Furthermore, other loci in the genome (Perieera et al., 1995) have been shown to modify the allelic affects of the Rover and Sitter phenotype, and additional genes in the same pathway can be mutated to affect foraging behavior (Riedl et al., 2005).  Therefore, as appears to be the rule, the genetic regulation of behavior is quite complex.  


Many genes have been identified in Drosophila (and other organisms) that can be mutated to affect behavior (e.g. Sokolowski, 2001).  However, the foraging locus was one of the first loci identified that underlies a naturally occurring variation in behavior.  This raises the question as to how Natural Selection can maintain both phenotypes in a single population.  If it is beneficial to be a rover in a particular environment, why do we still find sitters?  Recently, it has been demonstrated that the Rover phenotype has a selective advantage under high population density while Sitter is favored at lower density (Fitzpatrick et al., 2007) thus providing one of the few experimental demonstrations of negative frequency-dependent selection.  


As you can see, despite the wealth of fruitful research regarding the behavioral affects of this one cGMP dependent protein kinase (Osborn et al., 1997) much remains to be discovered about the function, and evolution of its behavioral effects. In this lab we will repeat both the larval and the adult foraging paradigm, but we will add a new twist, in order to investigate individual variation, and track possible differences according to sex.  When researchers work with Drosophila melanogaster they most often focus at the population level and rarely track individual differences.  

We will test the hypothesis that individual variation in the larvae predicts individual variation in adults.  If this is true one might predict that individual variation in the expression level of the foraging gene also correlates with these individual differences.  While that is beyond the scope of this week's lab, it might make for an interesting independent project.

For more details see 

http://flybase.org/data/allied-data/interactive-fly/hjmuller/foraging1.htm

in addition to the assigned reading

Week 1 will be occupied with behavioral experiments in larvae

Week 2 will be occupied with molecular genotyping and behavioral assay of adults. 

LAB SUPPLIES WEEK1:

Animals:

Drosophila melanogaster larvae – Larvae used in this experiment have been developmentally synchronized (~96 hours prior to class) by selecting 1st instar hatchlings that emerge within a 4 hour time frame.  At this age larvae should express the maximal differences in genetically based behavior.  (at 120 hours the larvae will leave the food in order to pupate and foraging behavior can no longer be observed (Sokolowski, et al., 1984).


Strain 1 (8 time matched collection plates) 


Strain 2 (8 time matched collection plates) 



(The behavioral experiments will be run blind)

Equipment:


LAB


PCR machine 


Heat blocks set to 95( C


Fly incubator set to 25( C


2 Dissections scopes with light sources and dissecting forceps.


EACH STUDENT PAIR

Agar petri dish for storing larvae after wash

Larval foraging platform – Black Plexiglass with 6 individual test arenas


Squirt bottle with distilled water


Paint brush for moving larvae from food to yeast and back


Squeegee 


Empty Petri dishes (6 lids) for recording path length


Sharpie pens (6 different colors)


6 1.5 ml Epindorf tubes for larval DNA prep


12 1.5 ml Epindorf tubes with 100ul fly food and small air-hole


12 1.5 ml Epindorf tubes with small air-hole


PCR tubes


200 (l pipettemen


gel box to run 7 PCR reactions (precast gels)?


power supply for gel box

Reagents:


Yeast paste  2:1 by weight with water made fresh that day.


The squishing buffer (SB) 

10 mM Tris-Cl pH 8.2, 

1 mM EDTA, 25 mM NaCl, 

200 ug/ml Proteinase K, (diluted fresh from a frozen stock each day)

1: PROTOCOL WEEK 1

Two strains will be tested for larval foraging path length.

Conduct the experiment “blind”. 

Test 18 individuals of each strain.  

3 tested individuals of each strain will be used for DNA prep and genotyping.

6 individuals of each strain will be raised for adult test the following week.
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1A: LOCOMOTOR ASSAY 
1) Collect 18 larvae of each strain (keep the strains separate) and rinse with H2O.

2) Store clean larvae in an agar filled Petri dish.

3) Label 6 petri dish lids for the 6 arena positions. 

4) When your larvae are all collected, streak yeast paste evenly across the foraging platform (check that a track can be observed before setting up your whole experiment, yeast paste consistency may need to be adjusted). 

5) Place an individual larva in the center of each arena.  

6) Cover arenas with Petri dish lids and mark animal location

7) Start timer for 5 minutes – record start time in lab notebook.

8) Mark each animal's ending locations on Petri dish lids.

9) Trace larval path on Petri dish lids. 

10) Save 3 larvae of each genotype in separate Epindorf tubes for later genotyping.

11) Label each tube with necessary information for individual identification!
Strain#_Station_start-time-plate_position
REPEAT step 4 – 9 two more times for each strain to test at least 18 individuals of each strain (reuse lids but change pen color for each set of 6)

12) Save 6 larvae of each strain in individual tubes with food for adult test next week. Label each food tube and also starvation tube with necessary information for individual identification! Strain#_Station_start-time-plate_position 

13) [image: image2..pict]




 Place the flies in food tubes, and empty starvation tubes in your rack in the incubator.

1B: DATA ANALYSIS

14) Measure the path length by aligning a piece of string and then measuring the string. MAKE YOU MEASUREMENTS IN Millimeters! 

15) On the courses server open the Excel document  Bio_342_fly-data_THURS(WED) 

16) Save the spread sheet as INITIALS_Bio_342_fly-data_THURS(WED).
17) Enter your data - the automatic ID update will fill as you enter strain, station, start time, and position.  Check that this ID matches that on your tube.

18) Save your data on the courses server

19) Is the behavior different for the two populations tested based on your own data? 

a) Calculate the mean path length, standard deviation,  and coefficient of variation for each stock.

b) Graph your data.

c) Determine if the two strains are significantly different for path length.

20) The class data will be combined next week.

1C: NOVEL EXPERIMENT

Jump ahead to DNA prep (SECCTION 1D.) and come back to create your own experiment if time remains:

Equipment available:



for experiment #

Boxes that can cover behavior plate 


(1)

Desk light 





(1)

Dissection scopes




(2)

Forceps for dissection




(2)

Small Petri dishes and PBS



(2)

Agar Petri dishes a set of 6



(5)

1. Does light affect the behavior. Test new animals under bright light or darkness.

2. Do females behave differently than males? Dissect your remaining animals to find gonads.  

3. Is path length consistent?  Retest the remaining animals.

4. Is there a social affect? Test individuals vs. groups of 4.

5. Test the behavior of the remaining  individuals without a food source.

6. OR COME UP WITH YOU OWN IDEA USING EQUIPEMENT AVAILABLE IN LAB OR THE STOCK ROOM.

Spend some time to carefully design the experiment.

Carefully word an interesting hypothesis.

Can you make a prediction?

How would you do a statistical analysis of your data?
EVALUATED:

Write up a one page summary of your novel hypothesis, your experimental design, the statistical analysis and any available preliminary data.
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1D: DNA PREP FOR GENOTYPING

PCR Genotype individual larvae at the foraging locus

You will use a polymorphism (R390C) that leads to a change in the amino acid encoded by the forR and fors alleles. “R” (Arginine) is the amino-acid encoded by forR, “390” is the amino acid position in the for-T1 protein sequence , and “C” (Cysteine) is the amino acid encoded by fors. At the nucleotide level this is a C to T change between forR and fors respectively. The functional significance of this polymorphism is currently unknown, however, it segregates in forR and fors stocks and provides a suitable marker for these laboratory experiments as it introduces a new restriction site. Polymerase chain reactions will be conducted using genomic DNA extracted from single larva.
Each student pair will genotype three individual flies from each of the two stocks

A. DNA PREPARATION FROM SINGLE LARVA PROTOCOL: 

1. Place one fly in a 0.5 ml tube and mash the fly for 5 - 10 seconds with a pipette tip containing 50 ul of SB, without expelling any liquid (sufficient liquid escapes from the tip). 

2. Then expel the remaining SB. 

3. Incubate at 25-37o C (or room temp.) for 20-30 minutes. 

4. Inactivate the Proteinase K by heating to 95oC for 1-2 minutes.

5. Store samples at 4 degrees for next week.

ON THE DAY OF LAB NEXT WEEK ADULT FLIES MUST BE TRANSFERED FROM FOOD TUBE TO STARVATION TUBE ~ 2 1/2 HOURS BEFORE LAB (i.e. ~ 10:30 am). To prevent them from escaping put them in the refrigerator for ~ 10 minutes..

PCR Genotype individual larvae at the foraging locus and Adult Behavior

LAB SUPPLIES WEEK2:

Animals:

Drosophila melanogaster adults – in individually labeled tubes from last week


Strain 1 - (6 individuals)  


Strain 2 - (6 individuals)


(The behavioral experiments will be run blind)

Equipment:


LAB


PCR machine


Gel Doc system


Gloves


EACH STUDENT PAIR

PCR tubes


200 (l, 20 (l and 2(l pipettemen


gel box to run 7 PCR reactions (precast gels)


power supply for gel box


Adult foraging platform 



60cm radium Plexiglass above concentric markings (1 cm)



30 cm white walls



suspended 40W bulb 50 cm above arena.


Stop Watch (set to countdown 30 seconds)


Sucrose Solution (0.25 M)

Reagents:


PCR primers at 5uM 


PCR buffer, 2mM dNTPs, Taq enzyme.


DNA size standards 


Gel loading buffer


Gel Staining and Destaining Buffer

Each student pair will genotype three individual flies from each of the two stocks

IN YOUR LAB NOTEBOOKS – demonstrate that you understand the process of PCR amplification and Restriction enzyme digest as it relates to this genotyping experiment.  If you are not clear on this technique after reading this entire protocol ask for an explanation in class.

A: PCR SET UP          





1) Number tubes 1 – 7 (6 DNA samples and one negative control) and your initials
2) Prepare a “mastermix” containing reagents a-f in sufficient volume for 7 reactions of 50 ul each. 

a) 39.3 L ddH2O.

b) 5 L reaction 10X Taq buffer 

c) 1 L dNTPs (Promega, each 10 mM), 

d) 2 L R390C sense and antisense primer combination (5 pmol each/L)

e) 0.2 L Taq polymerase 

f) 2.5 L crude genomic DNA prep, 

3) Alliquot 47.5 ul of your PCR cocktail into each of your 7 tubes.

4) Add 2.5 ul of DNA sample to each tube.  


Record in your notebook which sample is in which tube.

5) Mix the reactions well and spin fluid to the bottom of the tube.

6) When 3 groups are ready start the program on the thermocylcer.

7) (verify that the program matches what is written below)

The PCR primes are : 

R390C_S: CTGGTGGATCCGAATTTCAT and 

R390C_AS: GGAGATACCCAATGCCCTCT. 

They were ordered from Integrated DNA Technologies Aug 10th 2006 and have been stored at -20 oC in a concentrated (100) stock solution until now 

The thermocycler will be programmed for:  (check this before pressing start)

· 94 oC for 4 min, 

· 40 cycles of: 94 oC for 15 s, 

· 59 oC for 15 s, 

· 72 oC for 30 s, 

· followed by a final step of 72 oC for 7 min.

WHILE YOUR PCR REACTION RUNS SKIP AHEAD TO THE ADULT FORAGING BEHAVIOR, SECTION D.

B: RESTRICTION ENZYME DIGEST

The recognition site for the enzyme HinP1 I is G|CGC which will cleave the forR PCR product to produce two bands (286 bp and 57 bp) where as the fors PCR product will not be cleaved (the first C is replaced with T leaving a band of 343 bp). 

PCR products will be digested at 37 oC for 20 minutes in a 30 uL reaction   

1) Prepare a “mastermix” by combining reagents a,b,c in sufficient volume for 7 reactions.

a) 16.5 L ddH2O. 







b) 3 L NEBuffer 2 (New England Biolabs) (labled “2”)     


c) .5 L HinP1I (New England Biolabs, R0124L)



2) 10 L PCR product







3) Aliquot 20 ul of the cocktail into each of 7 tubes.

4) Add 10 ul of the PCR reactions to the corresponding Restriction Digest reactions.

5) Mix the reactions well and spin fluid to the bottom of the tube.

6) Incubate the tubes at 37 degrees C for 20 minutes using the PCR machines         

7) set to constant temperature.

While this reaction is running, proceed to the adult behavioral testing.

C: GENOTYPE ANALYSIS

Both the digested PCR products and the original PCR products will be visualized using a 2% agarose gel run at 115 V for ~20 min. 

1) In a new tube, combine 10 ul of the Digest reaction with 4 ul of the gel loading buffer (5X GLM light).

2) Load each into a single well on the gel (record in your notebook the location of each) (note: it makes sense to run each uncut sample next to the corresponding cut sample rather than running all uncut next to each other and cut next to each other).

3) Record the order of sample loading in your lab notebook.

4) Use one lane on the gel for size standards 100 bp ladder (10 l).

5) Connect the gel box to the power supply (“DNA runs to red”) and turn on the power adjusting the voltage to 115 V.

6) Run ~ 20 minutes (stop before 1st blue dye runs off)

******************** WEAR GLOVES FOR THIS STEPS *************              

*the staining solution contains Ethidium Bromide which intercalates DNA** 

Before imaging, the gel must be stained in staining solution for 10 minutes and rinsed through the rinse solutions. 
**********************DO NOT LOOK AT THE UV LIGHT *********  

Image your gel using the Kodak system in the 2nd floor common area, print a hard copy for each lab notebook.  (use Quick Print)  

DO NOT WEAR GLOVES WHILE WORKING ON THE COMPUTER. 
1) If you want to save an electronic version of your image use “take picture” and export the image as a jpeg. (in your lab book record the file name and location that you have stored this data).
2) DISPOSE OF THE GEL as solid hazardous waste by putting it into a Ziploc bag along with any gloves that were used to handle the staining solution and gels after staining.
3) Put the gel image in your lab notebook.  Label the gel image and also summarize results (did the PCR fail, did the Enzyme digest) for each lane on the gel.
4) Combine these genotyping results with the behavioral results from last week and by adding this to your data file.
5) Write your conclusions and summary in the lab notebook.
6) If the genotyping fails to identify the stocks clearly include a discussion of the possible reasons for the failed genotyping experiment.
D: ADULT FORAGING BEHAVIOR

Two strains will be used for this experiment #1 and #2. 

The experiment will be conducted “blind”. 

Tets 6 individuals of each strain that were previously tested as lavae.

Quantify the adult locomotory component of foraging behavior 
1. Fetch your 6 adults of each strain from the incubator.

2. Determine which flies are male and which are female (Figure 3)

3. Place a 0.2 (l drop of Sucrose Solution at the center of the arena.

4. Wait while the fly consumes the solution.

5. When the fly begins to walk start the countdown timer set to 30 seconds.

6. At 30 seconds note the flies position.

7. Measure distance walked by counting the number of concentric circles crossed.

8. Do not score the fly if is flies away.

9. Attempt to capture the fly.

REPEAT step 3 – 9 for all 6 individuals of each strain 

10. On the courses server open your Excel INITIALS_Bio_342_fly-data_THURS(WED).
11. Enter adult path length on the appropriate line for each individual.  

12. Save your data on the courses server.

13. The class data will be combined while you run your gel, image it and record the genotype SECTION B&C.

E: ANALYSIS OF INDIVIDUAL VARIATION

In addition to asking if  walking distance after feeding is significantly different for Rover and Sitter adults, there are many questions you can answer with this class data set.

Choose one of the following questions (or one of your own), then devise and apply an appropriate statistical test.  Supply a graphical representation of the data and a clear statement of your hypothesis.

1. Is walking distance after feeding significantly different for males and females within a stock?

2. Is there a correlation between adult and larval path length within Rover strain?

3. Is there a correlation between adult and larval path length within Sitter strain?

4. Is there an interaction of strain and sex.

EVALUATED:

write up a 1 page summary including

-statistical analysis of larval class data set(include a graphical representation of the data and methods section describing the statistical test and treatment of data)

-statistical analysis of adult class data set (include a graphical representation of the data and methods section describing the statistical test and treatment of data)

-statement regarding your own PCR genotyping results

-statistical analysis of individual variation using the class data set. (include a graphical representation of the data and methods section describing the statistical test and treatment of data).

-concluding statement.
Possible independent projects:

Is there a circadian effect on food-search strategy? 

Does temperature affect food-search strategy similarly for both rover and sitter phenotypes?

Is foraging gene expression level correlated with individual variation of path length within either Rover or Sitter genotype. 

In 1991 Perieira and Sokolowki  noted that Rover and Sitter flies differ in courtship behavior also.  A meeting abstract reported that Rover males show longer bouts of wing vibration and higher frequencies of licking behavior than sitters.  Rover males achieve copulation faster and copulate for longer than sitters regardless of female genotype.  To the best of my knowledge, no further studies have been published on this topic thus quantitative data is not available in the published literature.  
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