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1. Introduction (Schematic Overview and Interview)





A. Schematic Overview (read by voice talent at JoVE):





The overall goal of the following experiment is to measure longevity in Drosophila while minimizing artifacts and bias. (Intro)  This is achieved by first preparing synchronized larvae� to provide age-matched adults for analysis. (P1)  Next, the newly hatched males and females are allowed to mate for two days (P2) before they are separated into vials at a constant density so gender-specific effects can be measured. (P3)  Throughout their lives, the food supply is replenished no less than every 2-3 days and their deaths are recorded in order to maintain their health and document the time-course of mortality. (P4)  Ultimately, results are obtained that show an effect of experimental intervention on longevity based on comparison of survivorship and mortality between groups. (P5)





Authors, I’ve changed the wording and added the mating step to your schematic description so that the narration will flow more evenly with the graphics.


�


Notes to the Video Editor:   


The graphic above shows all the steps to the narration.   The red bottle, purple plate and column shows eggs being collected, they are laid on the red but discarded then they are laid on the purple and collected from the purple plate into the columnar tube.  All of these steps pertain to the P1 “preparing synchronized larvae” statement.  


From the tube, small volumes of eggs are transferred to the bottles (trapezoidal containers with cotton plugs on top) in the next graphic.  The eggs hatch into larva and the larva grow into adults in these bottles.  This graphic covers the “provide age-matched adults for analysis” part of P1.


P2  is covered by the next graphic, “mated for 2 days”.  The flies from the previous bottles are moved into these new bottles


For P3 the flies get moved again from the bottle to the row of cylindrical vials with cotton plugs on top.  An equal number (30) is added to each vial from the larger populations in the bottles. 


For P4 the next two graphics cover the narrative.  The first of 2 vials connected at their tops shows flies being knocked down from the top vial (old) into the bottom vial (fresh, new).   The next graphic shows dead flies that are counted when the vial is changed.  The dead fly can be in the old vial, marked “dead” or transferred to the new vial with the living flies, marked “carried”.


The final statement, P5, refers to survivorship curves that are compared. This is what is seen in the final graphic.  The two lines are slightly different, but they are representative of what is typically discovered when two types of flies have different life spans.








B.  Interview: (Said by you on camera. Don’t forget to smile!)  





Ceyda: Measuring longevity in any organism is technically straight forward but highly susceptible to bias. We present this technique to demonstrate important aspects of the experiment that are essential but may not be immediately obvious. 


Jenny: This technique can be used to identify interventions that increase the robustness of a whole organism, reducing the risk of diseases that contribute to mortality over time.


Nancy: Though this method can provide insight into longevity in Drosophila, it can also be applied to other measurements, such as stress resistance.  Likewise, the principles contained in this protocol can be applied to measurement of longevity in a wide variety of organisms.


Scott: Generally, individuals new to this method will struggle because lack of attention in the early steps can lead to major ambiguities later on. The field is full of experimental artifacts that can be easily avoided through the steps provided in this protocol, which have been developed over many years of experimental effort in multiple laboratories.





Protocol (read by voice talent at JoVE):





Video Editor: Note from author: The 2 requested  screen capture movies are a bit long but we would like to ask that they be included as supplementary material if possible (editing portions into the main video would also be fine).


Preparation Concerns (Filmed last)


Lifespan analysis requires stringent quality control of the food supply and the use of healthy, genetically controlled fly stocks.  All stored foods should be refrigerated, used within 1-2 months, and inspected for mold and dryness before their use. 


WID: talent enters room with refrigerator containing prepared fly food, and retrieves a rack of food vials from the refrigerator


MED: talent sets food on bench, lifts vial and inspects the food’s condition


Likewise, environmental conditions are also standardized.  The incubator where the experimental animals live should be set to 25° C with 60% relative humidity and a 12:12 light cycle�.


WID: talent enters room, approaches a fly incubator and checks the temperature reading and light cycle wheel


CU: the temperature reading and light cycle wheel talent pointing them both out


The nutrient environment of the food can substantially impact longevity, thus consistency in the cooking processes is essential both within an experiment and for comparison between experiments. (TEXT: Consult the written manuscript and references within for media formulas.)


 WID�: These shots will require the preparation of a small batch of fly food.  The talent will be weighing out sucrose on a scale.


MED: Talent is weighing corn meal on the scale.


MED: all the ingredients are being mixed on hot plate with stir bar


If a pharmacological agent is to be added to the adult food, this drug can be mixed into a small batch of food.  2 ml of this batch can be layered onto the food surface, with control vials receiving a layer containing vehicle alone. 


CU: talent is weighing out RU486 on scale


MED: adding RU486 to fly food that has now been completely mixed up, heat is most likely off at this point, stir bar is still moving


MED: food has cooled, talent is siphoning small volumes of it onto vials already containing food


Collecting Age-matched Embryos (Filmed first)


Prior to beginning this procedure, equilibrate the following foods to room temperature: the yeast paste, grape agar plates and CT food bottles.


WID: talent arrives at bench with yeast paste, grape agar plate, cotton swab, and 2 types of food


MED: spreads out the plates and food bottles on bench to warm up to room temperature


First prepare a grape agar plate by spreading a (TEXT: 2-3 cm diameter) dab of yeast paste at its center.


CU: spreading yeast paste onto grape agar plate and covering plate when finished


Next, anesthetize 150-200 pairs of flies in a large egg collection cage on a CO2 pad, mesh-side down . (TEXT: Nitrogen-based anesthesia is also a viable option.)


CU: talent at bench with CO2 pad and places mesh-side of egg collection cage on pad


ECU: mesh side of egg collection cage on pad, flies are dropping to plate from cage as they are anesthetized


Using a funnel, transfer 150-200 pairs of flies into the egg collection cage. 


CU: transferring flies to the egg collection cage, through funnel, into new cage�


Next, place the grape agar plate on the open end of the cage and secure with an end cap.


CU: adding the grape agar plate with yeast to cage then securing with end cap�


Lay the cage on its side until flies wake up. Then, place the cage with the agar plate side down, in the incubator, overnight.


MED: sets cage on side on bench


WID: placing cage in incubator, agar-plate side down, and closing incubator door


On the next day, swap the plate with a freshly yeasted grape agar plate, however, only apply a 1 cm diameter swirl of yeast paste to the surface of this plate.  Discard the used plate. 


WID: talent arrives at bench with cage in hand, talent appears a little different as this is the “next day”


MED: talent demonstrates how to swap plates with anesthetizing flies, then tosses out the used plate.  During this shot the talent should show the camera that the new plate has less yeast then the plate used “yesterday”


Then, return the cage to the incubator for 16-22 hours. 


Reuse 3.6.2


The next day, discard the parent flies and wash the surface of the grape agar plate with 1 X PBS to collect the embryos.


Reuse 3.7.1, but don’t show to much of it


CU: technique used to discard the parent flies (anesthesia and/or dumping them into waste container)


CU: adding solution to grape plate with embryos


Eggs can be mobilized by gently scraping with a cotton swab. Take care not to scratch, damage, or scrape thin pieces of agar off the surface of the plate.  


CU: moving embryos into solution with swab, show the complete technique, which should be more than enough to cover the dialogue


Now, with the aid of a funnel, pour the washed eggs into a 15 ml conical tube.  


CU: show the embryos and solution accumulate in a tube capped by a funnel


Let the eggs settle to the bottom of the tube.   Then, carefully pour off the supernatant, leaving 2 to 3 ml of embryos in PBS.


CU: slowly pouring solution off the top of a pile of eggs settled in the tube, stay on the shot showing the final volume of embryos settled to the bottom of the tube when the pour is over


Now, using additions of PBS, repeat the decanting step 2 to 3 more times until the supernatant runs clear.  The main purpose to this is to remove residual yeast. 


MED: repeating the above two steps from a larger angle, does this twice, can be a long shot to cover the dialogue


With the eggs in a small volume of clean PBS, deeply submerge a wide-bore pipette into the eggs and collect a 32 μl aliquot using a quick release of the plunger. The eggs in the pipette tip should be compact, with little to no liquid aspirated.


ECU: the small volume of eggs at the bottom of the tube, a pipette enters and sucks up a small volume (show it entering the pipette tip), show the compact collection of eggs in the pipette tip


CU: talent holding the pipette, show the quick release of the plunger used to suck up the embryos�


Reuse the end of 3.14.1


Deposit the eggs in a CT larval growth bottle and repeat this process to seed at least 2-4 CT bottles for each experimental group.  A larger number of larval bottles is better to mitigate potential artifacts associated with a single anomalous bottle.


MED: ejecting the embryos into a larval growth bottle, then repeating the process to load eggs into 3 more bottles, this needs to be a long shot to cover the dialogue.


Place the seeded CT bottles back in the incubator throughout fly development. 


WID: talent loads a rack of bottles into the fly incubator and closes the door


Setting up the Longevity Experiment


At around day nine, discard the flies that were first to emerge and place the bottles back in the incubator, overnight.  This avoids inadvertent selection for early emergent flies.


WID: talent, appearing “9 days later”, arrives at bench with bottles from the incubator


MED: talent dumping out adults from bottles into a disposal container.


The next day, transfer the day-old adult flies into room-temperature 10% SY food bottles.  Record this as their first day of adulthood.  If needed, another batch can be collected the next day.


WID: talent, appearing like it is the “next day”, working at bench is moving flies from bottles to new bottles.


CU: adults are added into a new bottle


Return flies back into the incubator and allow them to reach sexual maturity and mate for two days. 


WID: talent placing a rack of bottles into the incubator


A two days, anesthetize small groups and sort the sexes using a paintbrush. When using CO2, it is critical to minimize the anesthesia time to minimize possible long-lasting health issues that can compromise the integrity of the experiment.  


Reuse 4.1.1


CU: talent dumps adults onto CO2 pad and sorts sexes out with a paintbrush, film the process of sorting out dozens to cover this dialogue


Transfer 30 flies of the same gender into individual, room-temperature, 10% SY food vials. Typically, each bottle should produce around 3-4 vials of each sex.  This step should take no more than 3-4 minutes.


CU: talent with sweeps 30 male or female files into a food VIAL (not bottle), film the process of loading one vial to cover this dialogue.


Continue collecting until between 8 and 10 vial replicates for each gender and experimental treatment have been established.


MED: just as 4.5.1 form a longer angle, talent has 2 rows of vials being collected in rack, the vial filled makes the 8th to 10th vial added to one of the rows with the other row being of similar length 


Once all the vials for each experimental condition have been collected, use the dLife experiment-set-up-wizard or a similar program, to assign a randomized numerical ID to each vial. 


WID: talent completes loading the last vial for the last experimental condition, there should now be a rack with several rows of vials (probably 6 or 8) 


WID: talent sits down at a computer and begins using the dLife program


SCREEN SHOT: ExpWizard.mp4 -- executing the “experiment-set-up-wizard” on the dLife program to make a random ID number for each vial  


Authors, for the above SCREEN SHOT, please provide a video of this step being executed on the program using a screen-capture program that can generate a movie of the activities on the screen.  Name the video file according the shot number and upload it to the server.  Ask if you need assistance�.


Then, arrange the vials in trays by ID number. This process eliminates bias associated with the vial location in the incubator and obscures the vial identity to the experimenter.


MED: talent picks a vial from the rack, writes numbers on the vial, assigned by the computer (read off of a print out), and places it in the appropriate position of a new rack.  Talent repeats the process 2-3 times, long enough to cover the dialogue above


Maintaining the Longevity Experiment


Vials containing fresh food should always be at room temperature prior to their use.


WID: talent arrives at bench with rack of flies, vials are out on the bench


During the experiment, transfer the flies every two days for the first three weeks to keep females apart from larva.  After three weeks, transfer the flies every third day. All the vials in a single experiment should be flipped together.  


MED: talent removes a vial from rack and transfers flies to a fresh vial, then replaces it into the rack; talent repeats the process a few times 


This transfer should be completed by tapping flies into a fresh vial, without anesthesia, which can induce acute mortality, particularly in older flies. 


CU: focus on the flies as they are moved from the old vial to the new vial


Reuse 5.2.1, show a vial returned to the rack 


During each vial transfer, record the age of the vial and the number of discarded dead and carried dead flies.


MED: talent replaces a vial in the rack and then inspects the vial that has just been emptied


MED: talent’s spreadsheet, talent has been marking between transfers, show the marks made for the vial inspected in the shot above, be sure the full spreadsheet is visible


The dead flies stuck to the old vial must be counted as well as those carried into the new vial.  The number of new deaths is the total of the newly discarded and carried dead flies minus the number of previously carried dead flies. 


ECU: an emptied vial with at least one dead fly in it, be sure the dead fly is in focus


ECU: a just-filled vial with at least one dead fly in it, focus on the dead fly 


ECU: the spreadsheet with column for “carried over dead flies” and column for “discarded dead flies”, the column headers must be clear in the shot, the talent fills in more information on the next vial�


 SCREEN: dLife.mp4 ( vial #1, 1 dead, 2 carried�)


As flies age, some flies may lie on their back and appear dead.  So, when counting carried over dead flies, tap the vial to check for leg movement, indicating life�.


MED: talent inspecting a vial with a flipped over, not quite dead fly, in it


ECU: the flipped over fly, talent taps the vial, the fly’s legs move


Likewise, an old fly may be stuck to the old vial and still be alive.  Tap that vial to try and dislodge it and carry it over.  If it is not possible to dislodge the fly, count it as dead. This situation is inherently ambiguous and prevention is the best approach.


MED: talent continues to tap a vial to dislodge a stuck fly, then investigates the fly by peering into the vial


ECU: fly still stuck on vial or now dislodged


MED: talent marks spreadsheet (fly stuck) or transfers fly to new vial (dislodged)


Sometimes a fly leaves the experiment during transfer by escaping or by accidental death. These flies are right-censored and must be counted separately from deaths.


CU: talent needs to intentionally allow a fly to escape during a vial transfer and the fly needs to be seen escaping


CU>ECU: another intentional mistake that should look like an accident.  The talent is transferring flies and crushes one in the process, zoom in on the crushed fly�


Scott Pletcher:  Inappropriate censoring is probably the #1 source of bias in longevity assessment.  Censoring should only be applied when escape or accidental death is observed by the experimenter. Otherwise, prevention is the best policy for avoiding ambiguous early deaths.


MED/WID: Interview shot of Dr. Pletcher, in the incubator where the experiment is presently being carried out, the other talent may be at work in the background.  Don’t forget to record the audio!


Several vial conditions can lead to anomalous deaths.  In general, any vial with small crevasses where flies may get stuck and die should be avoided. 


MED: talent lifts a vial with crevasses from the new food supply


ECU: the crevasses in the new vial


Likewise, bacterial growth on the surface of the food can increase mortality.  Bacteria usually appear transparent and shiny, but can also form white colonies.


CU>ECU:  the talent should show the camera a bottle or vial with bacterial growth from the side, then the talent should open the lid (it should be emptied of flies) and the camera will zoom down from the top onto the food where there is a transparent shining glaze.  Talents may need to mock-up a bottle�.


(if available) ECU: white colonies on fly food


Vials exhibiting any of these conditions should be noted and further considered in the analysis, but not removed from the experiment or bias would be introduced.


  MED: talent looking at a vial “with notable condition”, then writing an appropriate note in the log, and finally replacing the vial to the rack�� 


Continue the transferring process until the last fly dies.   Then, proceed with the analysis. (TEXT: Consult the written manuscript for data analysis details.)


WID: talent approaches the fly incubator with the rack, returns the rack of flies to the incubator, closes the door and walks away


Environmental Conditions affecting Lifespan 


Using the outlined protocol, a survivorship analysis of wild-type flies demonstrates that adult males usually live shorter lives.  Both populations achieve a mean and median longevity of >50 days.  Survivorship remains high in the early part of the experiment and then declines exponentially.


LAB MEDIA: Figure 2a


Drosophila lifespan was affected by temperature.  Adults typically live markedly shorter as temperature is increased.  These data are derived from male flies.


LAB MEDIA: Figure 3a 


Likewise, the effect of diet on lifespan of female flies shows that they live longer on a dilute diet than a more concentrated diet. 


LAB MEDIA: Figure 3b


The density of the cohorts during development can influence adult lifespan and alter developmental timing. If there are too few eggs, adult fly yield is poor and the food surface is susceptible to drying. On the other hand, larval development is retarded in over-crowded bottles. 


LAB MEDIA: Figure 4 – Editor: pan across these four bottle left to right�


The survivorship curve of the cohorts as a whole can be influenced significantly by anomalous vial effects. An irregular anomalous survival curve for an individual vial may have several causes, including bacterial/fungal accumulation and infection. 


LAB MEDIA: Figure 5 – Editor: add caption: “Survivorship in individual vials”





Conclusion (said by authors on camera)





Jenny: Once mastered, this technique can allow one investigator to easily monitor more than 200 vials in parallel, spending approximately 2 hours, 3 times a week. 


Scott: While attempting this procedure, it’s important to remember to randomize, avoid censoring, and maintain a large sample size.


Nancy: As a follow-up to this procedure, measurement of age-related changes in functional and structural parameters can provide additional insight into the effects of a candidate intervention. 


Ceyda: After its development, this technique paved the way for researchers in the field of aging to explore the genes underlying longevity regulation.
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