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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)___NO______  (If you can record images/videos using your own camera/software, then mark No)   If yes, please list make and model of your microscope: _____________________________________________
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)__NO______ If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps.
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 individual steps using the step numbers listed in this document. (Please do not list entire sections.) __2.11, 2.13, 3.3, 3.4, 4.3_________________________________________
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. (Please do not list entire sections.) __3.6,  4.3_________________________
E.  Will the filming need to take place in multiple locations? (Y/N) _NO______ If yes, how far apart are the locations? ___________________________________________________


1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance.  Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 

A. Experimental Goal (read by voice talent at JoVE):

The overall goals of this method are to efficiently select for stress-resistant, mutant embryonic stem cells, rapidly identify associated genes, and cost effectively generate viable mouse models. (Intro)

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Wallace Chick: This method can help answer key questions in the stress resistance and aging fields, including identifying genes involved in oxidative stress resistance and the enhancement of mammalian lifespans or healthspans.
1.2. Michael Ludwig: One advantage of this technique is to allow cost effective selection of novel mutants, and the generation of phenotypic mouse models following embryonic stem cell screening as a surrogate model.   

Authors: Please memorize all statements in advance of filming.


Protocol (read by voice talent at JoVE):
2. Construction of a gene-trapped embryonic stem (ES) cell library
2.1. [bookmark: _GoBack]To begin culturing ES cells, first thaw one vial of mitomycin C-inactivated primary mouse embryonic fibroblasts, or PMEFs (pronounce “P-mefs”) (2.1.1-WIDE), in a 37 oC water bath to be used as feeder cells for the ES cell culture (2.1.2-MED).
2.1.1.  Talent removing tubes from a freezer
2.1.2. Talent putting tubes into the water bath, get multiple useable takes
2.2. Transfer the cells into 5 ml of ES cell medium (2.2.1-MED/CU-TXT) and centrifuge them at 100 times g for 5 min (2.2.2-MED/CU). Aspirate the supernatant and resuspend the cells in 30 ml of ES cell medium (2.2.3-MED/CU).
2.2.1. Get multiple useable takes, TEXT: See text protocol for medium components
2.2.2. Get multiple useable takes
2.2.3.  Start the shot with the talent holding the tube with the cell pellet. Don’t show the aspiration. 
2.3. Distribute the cells to two T25 flasks and two 100-mm plates (2.3.1-MED-TXT). Incubate the cells at 37 oC and 5 % CO2 for 24 hours (2.3.2-WIDE/MED).
2.3.1.  *Film as written, TEXT: T25 flasks: 5 ml each; 100-mm plates: 10 ml each
2.3.2. Get multiple useable takes for the T-25 flask and the 100-mm plate separately
2.4. Next, thaw 1 vial of C9 ES cells in a 37 oC water bath (2.4.1). Transfer the cells into 5 ml of ES cell medium (2.4.2) and centrifuge the tube at 100 times g for 5 min (2.4.3).
2.4.1. Use shot 2.1.2
2.4.2. Use shot 2.2.1
2.4.3. Use shot 2.2.2
2.5. Aspirate the supernatant and resuspend the cells in 5 ml of ES cell medium (2.5.1-MED/CU). Then, plate them into one of the T25 flasks containing feeder cells (2.5.2-MED). Incubate at 37 oC and 5 % CO2 (2.5.3). Replace the medium daily (2.5.4-MED).
2.5.1. Start the shot with the talent holding the tube with the cell pellet. Don’t show the aspiration.
2.5.2.  *Film as written
2.5.3.  Use shot 2.3.2, (Video editor, make sure to use the T-25 flask here)
2.5.4.  Talent adding fresh medium to an empty T-25 flask, do not show medium aspiration or washing
2.6. After 2 days, the ES cells should be approximately 80% confluent (2.6.1-LM). To passage these cells, wash them once with 5 ml of PBS and add 2.5 ml of 0.25 % trypsin-EDTA (2.6.2-MED). Incubate at 37 oC for 10 min (2.6.3).
2.6.1.  2.6 – 80 percent confluency.TIF
2.6.2.  Show removal of PBS and addition of trypsin
2.6.3.  Use shot 2.3.2, (Video editor, make sure to use the T-25 flask here)
2.7. Now, add 2.5 ml of ES cell medium and pipette up and down 15 times to break up cell clumps (2.7.1-CU). Transfer the cells to a 15 ml conical tube (2.7.2-MED) and centrifuge at 100 times g for 5 min (2.7.3-MED).
2.7.1.  *Film as written
2.7.2.  *Film as written
2.7.3.  *Film as written
2.8. Aspirate the supernatant and resuspend the cell pellet in 4 ml of ES cell medium (2.8.1-MED). Then, transfer 1 ml of the cells to each of two 100-mm plates containing 9 ml of ES cell medium (2.8.2-MED-TXT). Incubate the plates in a cell culture incubator (2.8.3), and replace the medium daily (2.8.4-MED).
2.8.1. Start the shot with the talent holding the tube with the cell pellet. Don’t show the aspiration.
2.8.2.  *Film as written, TEXT: 1:8 cell passage
2.8.3. Use shot 2.3.2, (Video Editor: Make sure to use 100-mm plate here)
2.8.4.  Talent adding fresh medium to an empty 100-mm plate, do not show medium aspiration or washing
2.9. To prepare 96-well feeder plates for library construction, thaw 3 vials of mitomycin C-inactivated PMEFs and resuspend each vial in 33.3 ml of ES cell medium (2.9.1-CU). Combine the cells to yield a 100 ml cell suspension (2.9.2-MED). From this, plate 100 μl of cells per well into 10 96-well plates (2.9.3-MED).
2.9.1. Only need to show resuspension of one vial, with the other 2 in view in the cell culture hood
2.9.2.  *Film as written
2.9.3.  Show filling one row of one plate, with other plates in background, get multiple useable shots
2.10. 24 hours later, trypsinize the C9 ES cells growing on the 100-mm plates (2.10.1-MED). After counting, prepare 6 15 ml tubes each containing 5 times 106 ES cells and resuspend them in 0.8 ml of PBS (2.10.2-MED).
2.10.1.  *Film as written
2.10.2. Do not show counting, only show the preparation of the last tube, with the other 5 tubes labeled in view in the hood
2.11. To generate the ES cell mutant library, prepare six electroporation cuvettes by adding the 0.8 ml of cells, 1 μg of the piggybac, or PB-UPA, vector, and 20 μg of the mPB transposase (2.11.1-MED). Mix gently by pipetting and place the cuvettes on ice (2.11.2-CU).
2.11.1. Only show preparation of last cuvette, with the other 5 cuvettes already prepared and on ice in the view
2.11.2.  *Film as written
2.12. Perform electroporation using the exponential setting at 250 volts, 500 microfarads, and infinity ohms (2.12.1-MED-TXT).
2.12.1. *Film as written, TEXT: 250V, 500μF, ∞ ohm
2.13. Pool the transfected cells in a T75 flask containing 98 ml of ES cell medium (2.13.1-MED). Mix the cells by gentle pipetting and transfer 50 ml to a reservoir (2.13.2-CU). Use a 12-channel pipette to transfer 100 μl of cells to each well of the 96-well feeder plates (2.13.3-MED).
2.13.1.  *Film as written
2.13.2.  *Film as written
2.13.3.  Show filling one row of one plate, with other plates in background
2.14. Incubate at 37 oC and 5 % CO2 (2.14.1-WIDE/MED). After 24 hours, feed the cells daily with fresh ES cell medium containing 150 μg per ml G418 (2.14.2-MED).
2.14.1. Get multiple useable takes
2.14.2.  Talent pipetting fresh medium into one 96 well plate with stack of other plates in view, get multiple useable takes
3. Replication of the ES cell library
3.1. To begin replication of the ES cell library, first prepare new 96-well feeder plates and gelatin-coated plates as indicated in the text protocol (3.1.1).
3.1.1.  Use shot 2.9.3
3.2. Wash the ES cell library plates one time with PBS and add 50 μl of 0.25 % trypsin-EDTA (3.2.1-MED). After incubating the cells at 37 oC for 10 min, add 50 μl of ES cell medium and pipette up and down (3.2.2-MED).
3.2.1. Just show removal of PBS and addition of trypsin from one row of wells, get multiple useable takes
3.2.2. Just show media addition and pipetting up and down in one row of cells
3.3. Transfer 50 μl of this cell suspension from the original 96-well plate to the corresponding row of a 96-well feeder plate, known as the Master, which already contains 150 μl of ES cell medium (3.3.1-MED).
3.3.1. Have a 96-well plate labeled “Master” with label visible in shot
3.4. Then, transfer the remaining 50 μl of the cell suspension from the original 96-well plate to the corresponding row of a gelatinized 96-well plate, known as the Replica, which already contains 150 μl of ES cell medium (3.4.1-MED). Incubate both sets of plates at 37 oC and 5 % CO2 overnight (3.4.2-WIDE/MED-TXT).
3.4.1. Have a 96-well plate labeled “Replica” with label visible in shot
3.4.2. Make sure that the talent is either putting stacks of plates into the incubator, or adding a plate to a stack of plates already in the incubator. There should be 20 total plates visible in the incubator, TEXT: 20 total plates: 10 Master and 10 Replica
3.5. After 24 hours, replace the medium with ES cell medium containing 150 μg per ml of G418, and change the medium daily (3.5.1).
3.5.1. Use shot 2.14.2
3.6. To freeze the Master plates, wash and trypsinize the cells and then add 50 μl of 2x freezing medium (3.6.1-MED-TXT). Pipette up and down 10 times to mix (3.6.2-MED). Put the 96-well plates into a tightly sealed Styrofoam box and freeze at -80 oC for up to 4 months (3.6.3-WIDE).
3.6.1. Only show the addition of the freezing medium, get multiple useable takes TEXT: 2x Freezing medium: 60 % ES cell medium, 20 % FBS, and 20 % DMSO
3.6.2.  *Film as written
3.6.3.  *Film as written
3.7. To generate plates for later genomic DNA isolation, first prepare 10 each of 96-well feeder cell and gelatinized plates (3.7.1). Then, wash and trypsinize the cells in the 96-well Replica plates (3.7.2).
3.7.1. Use 2.9.3
3.7.2. Use 3.2.1
3.8. Add 50 μl of ES cell medium to each well and pipette to break up cell clumps (3.8.1-CU). Transfer 50 μl of this cell suspension to the corresponding rows of the gelatinized DNA plates (3.8.2-CU). Transfer the remaining 50 μl to a reservoir containing 5 ml of ES cell medium (3.8.3-CU).
3.8.1.  *Film as written
3.8.2.  *Film as written
3.8.3.  *Film as written
3.9. Next, transfer the entire volume of cells from the reservoir to a 100-mm feeder plate (3.9.1-MED-TXT). To freeze the 96 well DNA plates, grow cells to 80 to 90% confluency and wash the cells twice with PBS (3.9.2-MED). Store the plates at -20oC (3.9.3-WIDE).
3.9.1. *Film as written, TEXT: 100-mm plate = “Sub-library”
3.9.2. Only show plate washes
3.9.3. *Film as written
3.10. To generate homozygous mutants, transfer 5 times 106 cells from each of the Sub-library plates onto a gelatinized 100-mm plate (3.10.1-MED). Add ES cell medium containing 1 μg per ml of doxycycline to a final volume of 10 ml (3.10.2-MED). Incubate the plates at 37 oC and 5 % CO2 (3.10.3-TXT).
3.10.1.  *Film as written
3.10.2.  *Film as written
3.10.3. Use shot 2.3.2, (Video Editor: Make sure to use 100-mm plate here), TEXT: Replace the medium daily with a 1 to 8 passage every 2 to 3 days for up to 2 weeks
4. Stress selection and isolation of resistant clones
4.1. Following doxycycline selection, seed 6.6 times 106 cells onto a gelatinized 150-mm plate in 30 ml of ES cell medium containing 7.5 % heat inactivated FBS and 10 μM paraquot (4.1.1-MED). Incubate the cells at 37 oC and 5 % CO2 for 7 days (4.1.2-WIDE/MED).
4.1.1.  *Film as written
4.1.2.  *Film as written
4.2. Replace the medium with fresh ES cell medium after 7 days of stress selection (4.2.1-MED). Once colonies have grown, prepare 96-well feeder plates containing 100 μl of fresh ES cell medium (4.2.2-MED-TXT). On the day of picking, prepare U-bottom 96-well plates with 50 μl of 0.25 % trypsin-EDTA (4.2.3-MED).
4.2.1.  *Film as written
4.2.2. Just show the addition of the 100 μl of medium, TEXT: Allow ~7 days for colony growth
4.2.3.  *Film as written
4.3. Remove the medium from the 150-mm stress selection plate and replace with PBS (4.3.1-MED). Using a micropipette set to 2 μl, pick individual colonies into each well of the 96-well U-bottom plate (4.3.2-LM). After all the colonies are picked, incubate the plate at 37 oC and 5 % CO2 for 10 min (4.3.3-WIDE/MED).
4.3.1.  *Film as written
4.3.2.  4.3 – Picking colony 40X magnification.MOV: 0:12-0:49, speed up to fit soundbite as necessary
4.3.3. Make sure that you film the 96-well U-bottom plate going into the incubator
4.4. After the 10 min incubation, add 50 μl of ES cell medium per well and pipette up and down to break up the cells (4.4.1-MED). Transfer 100 μl of this cell suspension to the corresponding row in the 96-well feeder plate (4.4.2-MED). Culture the cells at 37 oC and 5 % CO2 overnight and replace the medium daily (4.4.3).
4.4.1.  *Film as written
4.4.2.  *Film as written
4.4.3. Use 2.14.1
4.5. Once cells have grown to 80 to 90 % confluency, aspirate the medium, wash the cells with PBS, and trypsinize using 50 μl of 0.25 % trypsin-EDTA (4.5.1). After a 10 min incubation at 37 oC, add 150 μl of fresh ES cell medium (4.5.2-MED) and transfer 100 μl each to the two replica gelatinized 96-well plates (4.5.3-MED).
4.5.1. Use 3.2.1
4.5.2. Only show the addition of the medium
4.5.3.  *Film as written
4.6. When these replica plates reach 80 to 90 % confluency, freeze one set of plates with 2x freezing medium (4.6.1). To expand stress resistant colonies for genomic DNA isolation, wash and trypsinize the cells from the other set of plates (4.6.2-MED).
4.6.1. Use shot 3.6.1
4.6.2. Show only the addition of trypsin
4.7. Transfer the cell suspension from one well of the 96-well plate to one well in a gelatinized 24-well plate (4.7.1-MED). Culture these cells in 0.5 ml of ES cell medium until they reach 80 to 90 % confluency (4.7.2-WIDE/MED-TXT).
4.7.1.  *Film as written
4.7.2.  Talent placing 24-well plates into the incubator, TEXT: Colonies used for genetic analysis
5. Results: Forward Genetic Screen for Stress Resistance Mutations
5.1. Beginning with 3 times 107 ES cells, the gene-entrapment process described in this video demonstrates approximately 0.04 % efficiency, with 22,440 independent mutants being generated (5.1.1-LM). 
5.1.1. Table 1.doc: Highlight total 22,440
5.2. Of these mutants, 17 or 0.08 % were stress-resistant as measured by resistance to paraquat (5.2.1-LM).
5.2.1. Table 1.doc: Highlight total 17 in time with VO. Also highlight “No. of PQR clones” column title.
5.3. 3 paraquat resistant clones were selected for further characterization: Pigl (pronounced Pig-L), Tiam1 (pronounced tee m 1), and Rffl (pronounced Rif if ill in) mutants (5.3.1-LM). Cells with Rffl mutation were able to produce homozygous mutant progeny (5.3.2-LM) while Pigl and Tiam1 were not (5.3.3-LM).
5.3.1. Figure 2.jpg: Using only panel 2B, remove panel label “B.” Move “Surviving Cells (%) y-axis label to be next to 2B. Highlight mutant names on the x-axis in time with VO. 
5.3.2. Figure 2.jpg: Using only panel 2B, remove panel label “B.” Move “Surviving Cells (%) y-axis label to be next to 2B. Highlight black bar in Rffl mutant,
5.3.3.  Figure 2.jpg: Using only panel 2B, remove panel label “B.” Move “Surviving Cells (%) y-axis label to be next to 2B. Highlight area where black bar is missing for Pigl and Tiam1.
5.4. Stress resistance to paraquat, as characterized by the % of surviving cells compared to the parental embryonic stem cells was increased for all three mutants (5.4.1-LM). Following removal of the piggyBac transposon, these cell lines lost stress resistance (5.4.2-LM).
5.4.1. Figure 2.jpg: Using only panel 2B, remove panel label “B.” Move “Surviving Cells (%) y-axis label to be next to 2B. Highlight dark grey bars and draw a horizontal dashed line across the figure at the top of the yellow bar for comparison. 
5.4.2. Figure 2.jpg: Using only panel 2B, remove panel label “B.” Move “Surviving Cells (%) y-axis label to be next to 2B. Highlight light grey bars when VO reads “removal of the piggyBac transposon” and then again highlight yellow “C9” bar in comparison.
5.5. Following introduction of mutant cells into blastocysts for mouse production, skin fibroblasts isolated from the resulting Pigl mutant mice showed reduced levels of endogenous reactive oxygen species, or ROS (5.5.1-LM), as well as maintained stress resistance to paraquat (5.5.2-LM).
5.5.1. Figure 3.jpg: Using only panel 3A, remove panel label “A”. Highlight red dots
5.5.2. Figure 3.jpg: Using only panel 3B, remove panel label “B”. Highlight red dots

6. Conclusion (said by authors on camera)

6.1. Michael Ludwig: Once mastered, you can identify stress resistant embryonic stem cell clones in 5 weeks by following this protocol.
6.2. Michael Ludwig: While attempting this procedure, it’s important to remember to clearly label all materials and stay organized.  You will eventually purify the clone or clones of interest from your unstressed master plates.
6.3. Michael Ludwig: Following this procedure, other selections can be performed using different compounds in order to answer additional questions about the genetic basis of a variety of stress resistance phenotypes.
6.4. Michael Ludwig: After watching this video, you should have a good understanding of how to generate mutagenized embryonic stem cell libraries and to screen for stress resistance mutants. The use of replica plating is particularly crucial for downstream mouse model production.


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:

6.2 –  0123_PIname_Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 
6.2 –  0123_PIname_Figure2.tif -  dual color imaging of tumor angiogenesis 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.  

Insert your media filenames here.
2.6 - 80 percent confluency.tif  
4.3 - Picking colony 40X magnification.mov

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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