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Authors, please fill out the brief questionnaire below.   

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
B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N) N

C.  Location: Will the filming need to take place in multiple locations? (Y/N) No
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list 1-2 individual steps using the step numbers listed in this document. 
Step 3. – the C. elegans larvae should be well synchronized before the experiment start – make sure to start the experiment with bleaching

Step 4. Induction of germ cell reprogramming should be started in L4 larvae and the animals should not be heat-shocked for more than 30 min – make sure to carefully execute step 3 and check the stage of the animals continuously 
1. Introduction 
A. Experimental Goal: (read by voice talent at JoVE)
The overall goal of this procedure is to induce the conversion of germ cells to neurons in C. elegans. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Baris Tursun: This method can help investigating the implication of a variety of biological processes such as signaling pathways or epigenetics in the regulation of cell fate reprogramming. 
1.2. Baris Tursun: The main advantage of this technique is that it provides the possibility to challenge germ cells by over-expressing different fate-inducing TFs while performing genetic screens in order to identify novel regulators of cellular reprogramming. 
1.3. Ena Kolundžić: The implications of this technique extend toward regenerative therapy because this in vivo method could be used to study cellular reprogramming under different developmental and environmental conditions.
1.4. Stefanie Seelk: Visual demonstration of this method is critical as the reprogramming steps are difficult to learn, because germ cell to neuron conversion phenotype upon depletion of lin-53 only happens in carefully controlled conditions.   
Protocol: (read by voice talent at JoVE)
2. Preparation of RNAi Plates
2.1. For the RNAi plates, load 6-cm plates with NMG-agar containing IPTG and carbenicillin. [1.MED-TXT] Let them dry for 24 to 48 hours at room temperature in the dark. [2.MED] Then transfer them to 4 °C for up to 14 days.  [3.WID]
2.1.1. Pouring plates, TEXT: 1 mM Isopropyl β-D-1-thiogalactopyranoside (IPTG), 50 µg/mL carbenicillin
2.1.2. Setting up plates to dry, making their environment dark
2.1.3. Moving plates from bench to fridge
2.2. Next, streak selective plates, containing carbenicillin and tetracycline, [1.MED-TXT] with RNAi bacteria clones with L-44-40 plasmid carrying the lin-53 gene.  Use a three-phase streaking pattern and be sure to plate an empty vector control. [2.CU-TXT] Then, grow the plates overnight at 37 ºC. [3.WID]
2.2.1. Setting up at hood with plates and bacteria colonies, TEXT: 50 µg Carb + 12.5 µg Tet / mL 
2.2.2. Streaking a few plates, triple streak pattern, TEXT: Escherichia coli HT115
2.2.3. Setting up the plates in incubator
2.3. The next day, pick at least three single colonies [1.CU] and inoculate each of them into a separate culture tube with 2 mL of LB supplemented with Carbenicillin but not Tetracycline. [2.MED-TXT] Plan to have three healthy cultures per condition.  [3.WID]
2.3.1. Preparing culture tubes with 2 mL of LB supplemented with Carbenicillin
2.3.2. Adding picked colonies to the tubes of culture media, TEXT: 50 µg Carb / 2 mL LB
2.3.3. Closing tubes, then walking away from bench with rack of tubes
2.4. Next, grow the cultures overnight at 37 °C until they reach an optical density [1.MED-TXT] at 600 nanometers of zero-point-six to zero-point-eight.  [2.CU]
2.4.1. Talent at spectrophotometer, taking sample from culture tubes to measure OD, TEXT: O/N, 37 ºC
2.4.2. Loading the cuvette into spec and getting a OD reading
2.5. Then, add 500 µL of each bacterial culture to a 6-cm, NGM-Agar, RNAi plate. [1.MED] Incubate the plates overnight at room temperature in the dark. [2.MED-TXT] 
2.5.1. Adding liquid culture aliquots to RNAi plates
2.5.2. Covering loaded plates and setting them up for growth at RT, in the dark, TEXT: Store at 4 ºC ≤ 14 d
3. Preparation of C. elegans Strain BAT28
3.1. This protocol is optimized for BAT28 strain worms kept at 15 °C, [1.WID] at which the transgenes are most stable.  [2.MED] Details on the strain genetics are provided in the text. [3.WID]
3.1.1. At incubator opens door and searches for plates
3.1.2. Picking BAT28 strain plates out of incubator
3.1.3. Arriving to bench with BAT28 plates - please don’t use 2nd slate with same no.
3.2. Age synchronization of the worms is critical.  Use the bleaching technique.  [1.MED] Wash 6-cm, NGM-Agar plates containing adults and eggs using 800 µL of M9. [2.CU] Then, pellet the worms by centrifugation and remove the supernatant.  [3.MED]
3.2.1. Washing plates with M9, collecting washes - please use slate with correct no.
3.2.2. Detail of collected worms/eggs in M9 off washed plates
3.2.3. Unloading tube from centrifuge and discarding supernatant, and repeating if >1 tube
3.3. Next, add one-half to one mL of bleaching solution to the worms [1.CU] and, while watching the worms under a stereoscope, shake the tube until the adult worms start to burst open, and then, collect the eggs. [2.MED] [3.SCOPE]
3.3.1. Adding bleaching solution to the tube with worm pellet
3.3.2. Setting up at microscope and shaking tube
3.3.3. Scope view of adults before they are bursting open to after they are bursting open
3.4. Now, separate the waste from the eggs. First centrifuge the tube and dispose of the supernatant. [1.MED-TXT] Then, wash the pellet of tissues with 800 µL of M9 three times.  [2.MED] Be sure to use centrifugation to pool the tissues between the washes.  [3.CU] 
3.4.1. TEXT: 900 x g, 1 min 
3.4.2. Washing the pellet with M9 once, then loading into centrifuge, TEXT: Wash 3x, 800 µL M9
3.4.3. Collecting and disposing of wash solution on worm pellet
3.5. Now, transfer the cleaned eggs to fresh NGM-plates seeded with OP50 bacteria. [1.ECU] Grow the animals at 15 °C until they are in their L4 stage, which takes about four days. [2.WID] L4 embryos can be recognized by a white patch approximately halfway along their ventral sides. [3.SCOPE]
3.5.1. loading a plate with cleaned eggs
3.5.2. transferring the plated eggs into an incubator
3.5.3. microscope view of embryos with focus on its white patch
3.6. Ena Kolundžić: To achieve the germ cell to neuron conversion phenotype upon depletion of lin-53, lin-53 needs to be depleted in the parental generation. To deplete lin-53, subject the L4 animals to RNAi. [1.MED/WID]
3.6.1. Interview at bench
3.7. Manually transfer 50 L4 worms per replicate to an NGM RNAi plate [1.SCOPE] without bacteria.  Use a platinum wire. [2.ECU] [3.MED]
3.7.1. Picking an L4 worm from plate, scope view

3.7.2. Picking and depositing picked worm on new plate
3.7.3. Talent picking/transferring worms from plate to plate
3.8. After five minutes, move the 50 L4 worms to a prepared RNAi plate. [1.MED] Avoid transferring the OP50 bacteria and work quickly [2.ECU] to minimize the worm’s exposure to temperatures in excess of 15 °C. [3.MED]
3.8.1. Setting up to pick worms from NGM plate to RNAi plate
3.8.2. Picking worms from RNAi plate, show full speed of this activity
3.8.3. Talent picking/transferring worms from plate to plate, different angle from last step

3.9. Now, incubate the worms at 15 °C in the dark for about 7 days [1.WID] – the IPTG is light sensitive.  When the F1 progeny [2.MED] reach the L3 and L4 stages, separate them from the bigger, thicker parental animals.  [3.SCOPE]
3.9.1. Taking plate(s) to incubator
3.9.2. Loading plate(s) into incubator, show how they are kept in the dark
3.9.3. Scope view of L3 and L4 stage “baby” worms being picked from between larger parental worms
3.10. At this point, screen the F1 for the protruding vulva phenotype, [1.SCOPE] which indicates that the RNAi against lin-53 has been successful.  [2.SCOPE] The RNAi activity can also result in lethality, which increases above 15 ºC. [3.LM]
3.10.1. Separating animal with vulva phenotype from normal phenotype, using pick
3.10.2. As above, 2nd example 
3.10.3. Fig 1 – phenotype
4. Induction of Germ Cell Reprogramming
4.1. To activate CHE-1 and induce the germ cell to neuron conversion in the F1 progeny, [1.WID] heat shock the worms for 30 minutes at 37 °C in the dark. [2.MED] Use a vented incubator since it allows for a more efficient heat-shock.  [3.CU]
4.1.1. Talent inspecting worms for heat shocking, (end of last section) gets up from scope with plate
4.1.2. Arrives at incubator and opens door
4.1.3. Setting up plate in incubator
4.2. After the heat shock, incubate plates at 25 °C overnight in the dark. [1.WID-TXT]
4.2.1. 
TEXT: 25 ​ºC, O/N
4.3. Stefanie Seelk: It is important to avoid inducing over-expression of che-1 by heat induction before the animals reach the mid-L3 stage.  This can result in expression of CHE-1 protein in untargeted tissues. [1.MED/WID]
4.3.1. Interview at bench
4.4. The next day set up a fluorescence light source and GFP filter to [1.WID-TXT] examine the animals for transgene-derived fluorescence in the mid-body area.  [2.MED-TXT]
4.4.1. Establishing shot of talent at scope, setting up filters and light sources, TEXT: excitation max = 488 nm; emission max = 509 nm. 
4.4.2. Focusing on the worms and taking notes, TEXT: gcy-5prom::gfp
4.5. To assess the phenotype penetrance, find the ratio of animals emitting a fluorescent-signal.  Typically, around 30% will show a discrete GFP signal. [1.SCOPE]
4.5.1. Panning over the microscope view of a worm with reprogrammed germ cells with a close up showing clearly defined green fluorescence and a protruding vulva in white light (LAB provided- see dropbox folder)
4.6. By comparison in animals carrying the empty vector RNAi, even a diffuse signal in the germline is not seen in more than 5% of the population.  [1.SCOPE]
4.6.1. Panning over the microscope’s view of a worm, in control group, showing one GFP positive neuron in faint green fluorescence (LAB provided- see dropbox folder)
5. Results: Assessing Reprogrammed Cells
5.1. F1 animals that exhibit the protruding vulva phenotype illustrate successful application of lin-53 RNAi. 
5.1.1. Fig 1 – video editor: make the arrows a little more obvious, maybe make them vibrate
5.2. In these animals conversion of germ cells into ASE neuron-like cells upon heat-shock induction of che-1 is common. Close examination reveals neuron-like projections that are typical of neurons from germ line cells.
5.2.1. Fig 2B – video editor: do not show the bottom row of images or the white box/arrows that indicate what it is a magnification of.  Instead, animate a zoom into this region and fade in the bottom images over the top images.  Do this at “upon close examination”
5.3. By contrast, empty vector controls showed minimal expression of GFP, which was at most diffuse.  The germ cells in these animals lacked neuron-like features.
5.3.1. Fig 2A – just fade to this, it should overlap over Fig 1B neatly.
5.4. When the animals were too young at the time of che-1 overexpression induction, they would often display ectopic transgene expression in other regions of the body, such as the developing vulva.
5.4.1. Figure 3  - video editor: show the left image and the top title to start, then fade the right image over the left image.
6. Conclusion (said by authors on camera)

6.1. Baris Tursun: After watching this video, you should have a good understanding of how to plan and perform your reprogramming experiment using living worms. The reprogramming of germ cells into neurons described in this video can be used to investigate the implication of different factors in regulating cellular reprogramming.  

6.2. Ena Kolundžić: Once mastered, this technique can be done in 10 days if it is performed properly. While attempting this procedure, it’s important to remember to carefully stage the animals before induction of reprogramming and to keep the BAT028 strain at 15 ºC prior to the experiments.
6.3. Stefanie Seelk: Following this procedure, other methods like double RNAi experiments can be performed in order to answer additional questions like, “What are the underlying regulatory pathways that play a role during cell fate conversion?”
Provided Media

Authors, Please list all images, movie files, or 3-D rendered animations that can be included in the video per editor’s request.  The step in the script/video where these images will be inserted should be specified.   For example:

4.5.1 –  4.5.1_Worm with reprogrammed germ cells.mp4 -  video at 20x 

4.6.1 –  4.6.1_Control.mp4 -  video at 20x
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.  

Insert your media filenames here.

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.
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