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Questionnaire:
A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)__Y__ 

Can you record movies/images using your own microscope camera? (Y/N)___Y?_Please make sure_  
B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___Y_____ But this is not actually within the filmed portion of the protocol. 
C.  Location: Will the filming need to take place in multiple locations? (Y/N) ___N_ All steps can be done in or close by to the lab.
E.  Which specific actions during your protocol will viewers benefit most from seeing performed in the video? 
4.5-4.6/3.1, 2.1-2.3, 2.6.2, 2.9, 3.1, 3.4 
F,  What is the single most difficult aspect of this procedure and what do you do to ensure success?

There are several steps where things are most likely to go wrong:

1. The egg prep (step 2.5): overbleaching kills the animals. You prevent this by having backup animals that could be egg prepped the next day. This is probably the first technique all C. elegans researchers master. and isn’t specific to our protocol per se.
2. The most difficult steps to our protocol are setting up the RNAi clones for the experiment: care must be taken to ensure that RNAi clones do not cross contaminate one another (in going from glycerol stocks to plates (i.e. at step 3.6.2). You ensure success here by visually inspecting the circular colony and make sure they do not touch. One must also maintain focus when aliquoting liquid cultures to ensure that the proper bacterial culture (i.e. RNAi clone) is put into the proper well in the 24 well plate (i.e. going from a 96-well culture to a 24-well agar plate, step 3.9.2).  You ensure success here by physically arranging your plates and cultures such that they are well aligned, thus standardizing your physical movements.  
3. Adding FUdR at the wrong time is also disastrous. Adding FUdR after animals reach the fourth larval stage L4 (step 4.3) will ruin the experiment. If FUdR is added too late, hermaphrodites will reach reproductive maturity and have internally fertilized eggs. These eggs will hatch and while the FUdR will prevent development past the first larval stage (L1), the progeny will survive and eat all of the food in the well. At this point adult animals will undergo dietary restriction and live much longer than well fed controls. Conversely, adding FUdR too early leads to developmental defects, which causes malformation of the vulva. The vulva of these animals protrudes as animals age and ultimately the animals bursts: the structural integrity of the vulva ruptures and the intestines blow out the side of the animals. These animals must be censored from the analysis. Since the developmental rate of animals is temperature dependent and many strains have slightly different development rates, you ensure success by: 1) empirically determine the time it takes L1 animals to reach L4 for each strain prior to doing the real experiment and 2) when doing the actual experiment, you periodically monitor the development of the animals and make sure you add the FUdR when animals are in the L4 stage. 

1. Introduction 
A. Experimental Goal: (read by voice talent at JoVE)
The overall goal of the replica set method is to improve throughput of quantitative assessment of how genetic perturbations alter C. elegans lifespan. (Intro)
B.  Introduction Interview (said by you on camera – don’t forget to smile!)
1.1. Andrew Samuelson: Hundreds of genes have been identified whose function affects how an organism ages, but many of their relationships are poorly understood. This method can help answer a key question in the aging field, namely: What are the genetic interrelationships between gerogenes? 
1.2. Beresford Crick: The main advantage of this technique is an increase in throughput. The number of genetic perturbations that can be quantitatively measured simultaneous is increased by at least an order of magnitude.   
1.3. Adam Cornwell: Lifespan data collected with this procedure can be plotted and analyzed using software we provide with this publication. 
1.4. Maria Lazaro-Pena: Though this method can provide insight into lifespan, it can also be applied to other age-related phenotypes, such as stress resistance and changes in healthspan.
Protocol: (read by voice talent at JoVE)
2. Replica Set Method for Scoring C. elegans Longevity: Preparing the Plates
2.1. For this procedure, create a fresh stamp of the RNAi sub-library. [1.WID] First, aliquot each well of a 96-well plate [2.MED] with 200 µL of LB with ampicillin using 12-channel pipettor. [3.CU]. 
2.1.1. Establishing shot, talent gathering materials for subsequent steps

2.1.2. Setting up plate to load with LB

2.1.3. Using 12-channel pipettor to load plate with LB, set aside. 
2.2. Sterilize a 96-pin plate replicator by sequentially immersing the pins in 50% bleach, followed by ultrapure water. [1.MED] Then dip the tips in ethanol and carefully flame the tips.  [2.CU]
2.2.1. Sterilizing plate replicator, using bleach and then water
2.2.2. Dipping tips into ethanol and the flaming the tips
2.3. Next, carefully remove adhesive foil cover of a frozen 96-well glycerol stock library plate [1.MED] and gently but firmly grind the tips of the sterilized plate replicator [2.CU] into the wells of the still-frozen glycerol stocks. [3.ECU]
2.3.1. Unpacking frozen plate and setting up for plate replicator
2.3.2. Replicator tips lowering onto frozen plate

2.3.3. Tips rubbing the frozen plate wells and then retreating tips
2.4. Then, inoculate the cultures and seal the inoculated plate [1.CU] with a permeable membrane.  Allow cultures to grow overnight on the benchtop. [2.MED]
2.4.1. Exchanging plate below tips for LB plate and lowering tips into plate
2.4.2. Retreating tips and packing up LB plate for o/n growth 
2.5. The next day, sterilize the plate replicator and carefully remove the seal from the overnight culture [1.MED] and immerse tips of the replicator pins. [2.CU]
2.5.1. Removing seal from plate and setting up replicator
2.5.2. Dipping replicator tips into plate
2.6. Next, inoculate a rectangular LB ampicillin and tetracycline agar plate with the pins. [1.MED] Apply even pressure and use a small circular motion to transfer the bacteria, without letting the spots get to crowded. [2.ECU] Then, grow the overnight at 37 °C. [3.MED]
2.6.1. Setting up rectangular plate below replicator
2.6.2. Setting replicator pins onto rectangular plate and rubbing them into plate with circular motion
2.6.3. Covering rectangular plate and taking it to incubator
2.7. The next day, for every 10 replica-plates needed, load each well of a deep-welled 96-well plate with 1.5 mL of LB with ampicillin. [1.MED-TXT] Next, inoculate these wells with the cultured bacteria. The, seal the plate with a [2.MED] breathable membrane culture it for 20 hours with shaking. [3.MED-TXT]
2.7.1. Loading plate with LB, TEXT: # 24-well plates = (# plates / replica set) x (expected # time points) + extras
2.7.2. Using replicator to pick cultures from rectangular plate and then inoculate wells

2.7.3. Sealing plate with breathable membrane, TEXT: 37 ºC, 20 h, shaking
2.8. Control wells should be scattered across the 96 wells such that when the 96-well plate is divided into groups of 24, each division of 24 wells has one of each of the controls. [1.LM]
2.8.1. Fig 2C
2.9. The following day, load 120 µL aliquots of the culture [1.CU] to the 24-wells plates using a 6-well multichannel pipette with adjustable tip spacing. [2.MED] Then, dry plates uncovered in a laminar flow hood until all liquid has been absorbed. Do not let them over-dry.  [3.MED-TXT]
2.9.1. Taking 6 aliquots from 96 well plate

2.9.2. Adjusting the pipettor and depositing 6 aliquots into 24 well plate
2.9.3. Performing the last two steps repeatedly, TEXT: Store O/N at RT
2.9.4. Added shot: Shot of plates drying in a laminar flow hood

2.10. Adam Cornwell: Be sure to maintain your focus when aliquoting liquid cultures to ensure that the proper bacterial culture is put into the proper well in the 24 well plate.

2.10.1. Interview at bench

3. Replica Set Method for Scoring C. elegans Longevity
Video editor: The authors added an animation for 3.0. a, b, c, d and time frames.
VOICE TALENT: Don’t forget to read 3.0. a, b, c, d
3.0. a. Replica set experiments start with a set of independent 24-well replicate plates, each seeded with the same bacterial RNAi clones. For lifespan experiments, 15-20 L1 embryos are added to each well of each plate and allowed to grow to the L4 stage. [ANIM: Frame 01] 
   3.0 a.1. Author provided animation
3.0. b. At L4, FUdR is added to all wells across replicates. Later in the same day, a replicate plate can be taken from the set and scored as the first time point [ANIM: Frame 02]. 
   3.0. b.1. Author provided animation
3.0.c. To score lifespan, liquid is added to the wells of the plate to induce animal movement. [ANIM: Frame 03] Animals that do not start to move are prodded gently with a worm pick. The total number of animals, and the number of dead animals is then recorded. [ANIM: Frame 04]. The plate from the first observation is then discarded. 
     3.0. c.1. Author provided animation
3.0.d. At the next observation time point [ANIM: Frame 05], another replicate plate is taken from the set, and scored in a similar fashion. [ANIM: Frame 6] [1 sec delay] [ANIM: Frame 7] This is repeated at the determined scoring interval, each time with a new plate from the replicate set. [ANIM: Frames 8 – 18, approx. 2 frames per second] Continue scoring a set of plates until no animals remain alive. [ANIM: Frames 19 – 23, timed to fit dialogue]
      3.0. c.1. Author provided animation
3.1. First, create synchronized animals as done for the traditional lifespan measurement. [1.MED] Then, using a 6-well adjustable-spacing pipette and reagent reservoir, [2.CU] seed 15 to 20 L1 embryos into each well of the prepared 24-well plates. [3.MED]
3.1.1. Loading L1 suspension into 6 reservoirs

3.1.2. Talking aliquot from the reservoirs using multi-channel pipette

3.1.3. Loading aliquots into 24 well plates
3.2. While seeding the plates, periodically mix the L1 embryos into solution to maintain even distribution. [1.CU] Now, let the animals develop to L4, the timing of L4 development must be known for this protocol. [2.WID]
3.2.1. Mixing up the L1 suspension reservoirs
3.2.2. Transferring loaded plates to incubator
3.3. Periodically monitor the development of the worms. [1.MED] When animals reach L4, add 25 µL of 50x F-U-D-R to each well [2.MED-TXT] and return the plates to the incubator. [3.MED] 
3.3.1. Checking out worms under scope
3.3.2. Taking aliquots of FUDR and adding to wells of 24-well plate, TEXT: 5-Fluoro-2'-deoxyuridine (FUdR) 
To pronounce FUdR, say F-U-D-R.
3.3.3. Loading plates back into incubator
3.4. Adam Cornwell: Using L4 animals is critical.  If hermaphrodites reach reproductive maturity before adding FUdR, their progeny will survive and eat the food. Conversely, adding FUdR too early leads to ruptured animals. [1.MED/WID] 
3.4.1. Interview at bench
3.5. At the desired time points, use one replicate plate [1.MED] to score viability. To do so, flood the wells with the M9 solution. [2.CU]  
3.5.1. Setting up and adding M9 to the 24-well plate

3.5.2. More of adding M9 to wells of 24-well plate, from close angle
3.6. Adam Cornwell: Before scoring viability each day, censor any wells that do not have food, appear contaminated, or have animals with morphological or developmental defects. [1.MED/WID]
3.6.1. interview shot, select a speaker: Adam Cornwell
3.7. For each well, record the total animals per well and check the status of non-moving worms by gently touching each on the head with a worm pick. After counting all the non-moving dead in a plate, [1.SCOPE] discard the plate. [2.MED]
3.7.1. Scope view of examining the flooded wells and poking non-moving animals
3.7.1.1. Added: Scope view of moving animals [SHOW BEFORE 3.7.1]
3.7.2. Talent takes plates off stage and disposes of it in waste

4. Traditional Method for Scoring C. elegans Longevity
4.1. For this procedure, grow transformed E. coli overnight in LB with ampicillin.  [1.MED-TXT] The next day, collect the bacteria by centrifugation at three thousand Gs for 15 to 20 minutes. [2.MED] Re-suspend the bacteria in one-tenth of the starting volume. [3.ECU]
4.1.1. Inoculating tubes of LB at bench, TEXT: 16-20 h, 37 °C, 180 - 220 rpm
4.1.1.1. Added: Moving inoculated LB flasks to incubator, TEXT: 16-20 h, 37 °C, 180 - 220 rpm
4.1.1.2. Added: Removing flasks from incubator

4.1.1.3. Added: Transferring from flasks to tubes
4.1.2. Loading LB tubes into centrifuge and programming cycle
4.1.3. Removing LB supernatant from tube, then adding back 1/10 volume and mixing with pellet
4.2. Next, aliquot 200 µL of the 10x bacteria onto 6-cm plates. Prepare three or four plates per test condition [1.MED] and include two extra plates to use in case of contamination.  [2.MED]
4.2.1. Adding bacterial aliquots to 6-cm plates
4.2.2. As above, different angle
4.3. Dry the plates in a laminar flow bench until all the bacteria has been absorbed. [1.CU-TXT] Once dried, store the plates in a plastic box overnight at room temperature to induce the dsRNA production.  [2.MED] Then, store the plates for up to 2 weeks at 4 ​ºC. [3.WID] 
4.3.1. Setting up plates in hood to dry, TEXT: Alternatively, dry O/N covered on bench.
4.3.2. Covering plates and loading them into a worm box 
4.3.3. Loading worm box with plates into refrigerator
4.4. For the animals, collect gravid adult animals in M9. [1.MED-TXT] Wash them twice with M9, repeating the spin and aspiration. [2.WID-TXT] Then, re-suspend C. elegans in 4 mL of M9 and add 2 mL of hypochlorite solution.  [2.CU]

4.4.0 Added: Add M9 solution to 6CM plates

4.4.0.1 Added: Washing animals into M9 pooled on plate with pipette

4.4.1. Removing supernatant over pellet of worms Collecting animals in M9 from plate and transferring to tube, TEXT: 30 s, 2000 rpm
4.4.1.2 Added: Centrifuging gently to collect animals in a pellet in tube TEXT: 30 s, 2000 rpm [Note: at time of shoot we thought that 4.4.1 should have been after this new step 4.4.1.2, but I think 4.4.1 was just written confusingly, the order of the steps in the voiceover text is correct.]
4.4.2. Removing solution from tube, adding back new solution, mixing and loading tube into centrifuge, TEXT: Wash 2x with M9

4.4.3. Detail of tube with pellet of worms, adding M9 and mixing, then adding hypochlorite solution
4.5. Now, immediately vortex the worms for 3 minutes, with periodic vigorous shaking. [1.MED] Then, under a dissecting microscope, look for a cloud of eggs. If the cloud isn’t seen, vortex the worms for an additional 10 to 20 seconds. [2.SCOPE]
4.5.1. Vortexing and shaking the tube

4.5.2. Scope view of focusing on a cloud of eggs, show how the eggs look in and out of focus and at different magnifications, so viewers know what to look for
4.6. Next, quickly wash the eggs with M9 two times, as before, and re-suspend the washed eggs in 3 mL M9. [1.MED-TXT] Then, transfer the eggs to a new 15 mL tube [2.CU] and incubate tube at 20 ºC with gentle rotation and allow the embryos to hatch, overnight. [3.MED]
4.6.1. Removing tube from centrifuge, discarding supernatant and adding new M9 TEXT: Wash 2x, M9; 30 s, 2000 rpm 

4.6.2. Loading new 15 mL tube with egg suspension

4.6.3. Transferring tube onto rotator in 20 ºC incubator, starting rotator
4.7. The next day, determine the density of the prepared L1 solution by calculating the average number of L1s per (l in three 10 (l drops. Load the prepared bacteria-seeded plates with 50 L1 animals each. [1.MED] Set the plates up in a 20 °C incubator [2.CU] until the embryos develop to the L4 stage.  Normal development from L1 to L4 takes about 40 hours. [3.WID]
        4.7.0. Added: Add 10 (l drops of L1 solution to plate

4.7.0.1 Added: Look under microscope for counting L1s
4.7.1. Adding L1 to the plates
4.7.2. Packing up the plates to incubate
4.7.3. Loading the plates into the incubator
4.8. Then, to prevent progeny production, add 160 µL of 50x FUdR to each plate.  [1.CU] Then, remove the males, as lifespan is typically measured only with hermaphrodites. [2.SCOPE IMAGE]  Once completed, repack the plates into the 20 ºC incubator. [3.MED]
4.8.1. Adding FUdR aliquots to the plates, 
4.8.2. Picking away males from plate, at scope [Image- 57819_samuelson_Wood 1988 C elegans life stages.psd] Note that this figure does not appear in the manuscript- we were not able to get good representative footage of males through the scope camera during our shoot. As such, we are substituting an image. The image was adapted from:
Wood WB. In: The Nematode Caenorhabditis elegans. Wood WB, editor. Cold Spring Harbor, NY: Cold Spring Harbor Laboratory Press; 1988. pp. 1–16
4.8.3. Re-packing the plates for incubation
4.9. Now, until all the worms are dead, score their viability on a daily basis.  [1.WID]
4.9.1. Unpacking plates from incubator at scope to assess their viability
4.10. To do so, gently touch each non-moving nematode on the head with a platinum wire or eyelash – nonreactive animals are dead and must be removed from the plate.   Take note of any anomalies during this routine. [1.SCOPE]
4.10.1. Testing a bunch of non-moving worms using the described method
5. Results: Sensitivity and Application of Replica Set Lifespan Analysis
5.1. Replica Set and traditional methods for assaying C. elegans lifespan produce similar results with wild-type N2 animals. For example, mml-1 or mxl-2 significantly decreases normal lifespan, and this was measured by both a traditional lifespan assay and by the Replica Set assay. [1.LM] Extended longevity can also be detected.  For example, mdl-1 or mxl-1 significantly increased C. elegans lifespan as measured by either methodology. [2.LM]
5.1.1. Fig 4 – replace “A” with “Traditional Lifespan” and replace “B” with “Replica Set”, do not include the blue or purple data in either panel or in the keys compiled as two layers in a single photoshop file
5.1.2. Fig 4 – now add the purple and blue data and their info to the keys, in both panel
5.2. Using the replica set method, it possible to simultaneously quantify changes in lifespan across more than 100 conditions, which would not be reasonable with the traditional approach. For example, a genome-wide feeding-based RNAi screen identified 159 genes necessary for the increased lifespan conferred by decreased daf-2/insulin-like signaling. 
5.2.1. Figure 5A – just remove the A 57819_samuelson_Figure 5A cropped.tif
5.3. The relationship between insulin-like signaling and these genes was further described by measuring the healthspan of the animals.  Health was indicated by C. elegans thrashing when suspended in solution. 
5.3.1. Figure 5B – just remove the B57819_samuelson_Figure 5B cropped.tif
6. Conclusion (said by authors on camera)

6.1. Andrew Samuelson: After watching this video, you should have a good understanding of how to use feeding based RNAi to measure lifespan in C. elegans. But RNAi is versatile and could be applied for many different phenotypes.   
6.2. Beresford Crick: Once mastered, the replica set method allows lifespan to be assessed for over 100 RNAi clones each day -if it is performed properly.

6.3. Maria Lazaro-Pena: Early and late time points can be scored quickly: all the animals in a well will be either alive (and moving) or dead. Scoring takes longest when animals are starting to die. Stagger the set-up of independent trials with this in mind.
Provided Media

Here, please list the filenames for all of the media files (e.g, images, movie files, 3-D rendered animations) that will be included in the video per the editor’s request.  The step in the script/video where these images will be inserted should be specified.  For example:

6.1. Project#_PIname_Figure2a.tif – image of tumor angiogenesis at 40X 
6.1. Project#_PIname_Figure2b.tif – image of tumor angiogenesis at 100X

6.2. Project#_PIname_Figure2c.tif – image of control tissue at 40X
6.2. Project#_PIname_Figure2d.tif – image of control tissue at 100X
Formats:  For static images we prefer .tiff, .eps, Illustrator, Powerpoint or Photoshop files at dimensions of at least 720X480 pixels and 300 dpi.  The higher resolution, the better.  Likewise any exported movie files should have at minimum these dimensions and be rendered to .mov, .mp4, or .avi files.  
Create a listing of your media filenames here.
3.0. ANIM_Frame01.png to ANIM_Frame23.png – image sequence for animation providing overview of the Replica Set method

4.8.1. 57819_samuelson_Wood 1988 C elegans life stages.psd – example image of the visible differences between hermaphrodites and males. Adapted from Wood WB. In: The Nematode Caenorhabditis elegans. Wood WB, editor. Cold Spring Harbor, NY: Cold Spring Harbor Laboratory Press; 1988. pp. 1–16
5.1 57819_samuelson_Figure 4 for video- layered.psd – representative lifespan results from the replica set method.

5.2.0 57819_samuelson_Figure 5A cropped.tif – Figure 5A, cropped as requested for video

5.3.0 57819_samuelson_Figure 5B cropped.tif – Figure 5B cropped as requested for video
General Preparation

It’s critical for a smooth and organized shoot that all reagents are accounted for, in advance.   

Any overnight or long incubation steps should be recognized and specimens/samples be prepared in advance so that prior steps can be recorded and shooting can continue with pre-prepared specimens/samples.  

All tubes/flasks should be pre-labeled neatly before we arrive.  

Ex. Luciferase assay done in 96 well plates should be labeled with negative/positive control wells and experimental samples are labeled accordingly.

You will receive more detailed preparation instructions are included in the email accompanying the finalized script.

�Should this be in Gs?
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