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A.  Will you require JoVE to record video microscopy through a microscope, such as filming a complex dissection or microinjection technique? (Y/N) N 
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N) N 
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps: Step 2,5,6,7 and 8
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success? 
To achieve cell fragments containing 3-10 cells and not trypsinize them too long. To ensure success checking of the fragment size using light microscopy during the incubation time is necessary. 

1. Introduction (Schematic Overview and Interview)

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

Procedural Narrative:
The overall goal of this procedure is to demonstrate how to perform functional genetic studies in organoids. (Intro) This is accomplished by first pre-treating the organoids with Wnt3a (Pronounce: wint-three-A)-containing media to facilitate their adoption of a cystic shape and to increase their stem cell numbers. (P1) In the second step, the virus is produced, (P2) and the organoid fragments are then transduced and spinoculated. (P3) In the final step, the transfected organoids are seeded and then selected for stable viral integration. (P4) Ultimately, the expression or suppression of the gene of interest can be assessed by GFP fluorescence. (P5)

From Figure 1.pdf
(P1) show pink blob with arms, then have ENRWntNic text appear and have arms disappear so blob becomes pink globe and then globe shrinls and enters microcentrifuge tube and “Organoid fragment solution” label appears
(P2) show microcentrifuge tubes like on right side of figure, with retroviral DNA (e.g. like RS2643) in left tube; then have DNA move into “PEI” tube and have PEI tube spin and blue media turns pink and label becomes “viral solution”
(P3) have organoid solution tube appear next to viral solution tube, then have 24 well plate appear and have contents from both tubes enter one well of 24 well plate, then have plate spin around
(P4) then have contents of one well leave plate and enter new tube, have tube spin, then have contents enter well of new plate, then have pink blob with arms come up out of same well and magnify into bigger blob with arms
(P5) Figure 4.pdf

B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Bon-Kyoung Koo: The main advantage of using this technique over existing animal models, like the mouse, is that with this technique, functional genetic experiments can be performed in vitro with the intestinal organoids.   
1.2. Bon-Kyoung Koo: Demonstrating the procedure will be Amanda Andersson-Rolf, a PhD student from my laboratory.  
1.2.1. Interview style: Author saying the above 
1.2.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.

Protocol (read by voice talent at JoVE):
2. Crypt isolation 

2.1. To isolate the crypts, begin by washing the small intestine with pre-chilled calcium- and magnesium-free PBS. Then cut the tissue into 3-5 cm long pieces and open the pieces longitudinally with scissors. 

2.1.1. WIDE: Few seconds Talent washing small intestine (TEXT: All PBS Ca2+ + Mg+ -free unless otherwise indicated)

2.1.2. MED – over the shoulder: Few seconds Talent cutting tissue into 3-5 cm pieces

2.1.3. CU: Shot of at least one piece being cut open, possibly other open pieces visible in frame

2.2. Use forceps to spread the tissues open, scrape off excess villi using a coverslip, and then transfer the pieces to a 50 ml tube containing chilled PBS.

2.2.1. CU: Shot of at least one tissue being spread open

2.2.1 B Shot of Talent scarping of excess villi using a coverslip

2.2.2. MED: Talent adding at least one tissue piece to 50 ml tube

2.3. Wash the tissue fragments 2-3 times with vigorous shaking, changing the PBS until the PBS turns less cloudy.

2.3.1. MED: Few seconds Talent shaking tube

2.3.2. CU: Shot of tube looking “less cloudy”

2.4. After the last wash, incubate the tissue in a 50 ml tube containing 30 ml of PBS supplemented with 1mM EDTA at 4 °C on a tube roller.

2.4.1. MED: Talent placing a few tissue pieces into tube with 30 ml PBS

2.4.2. CU: Few seconds tube rolling

2.5. After 30 minutes, vigorously shake the tube again and transfer the tissue to another 50 ml tube containing 30 ml of PBS supplemented with 5 mM EDTA. 

2.5.1. MED: Few seconds Talent shaking tube

2.5.2. MED: Talent dispensing tissue into new tube

2.6. After an hour incubation at 4°C on the tube roller, vigorously shake the tube again and transfer the solution to a new 50 ml tube. 

2.6.1. CU: Few seconds tube being shaken

2.6.2. CU: Tissue being dispensed into new tube

2.7. Then count the number of crypts in 50 µl. Calculate and transfer the volume containing 50-100 crypts into a 1.5 ml tube.

2.7.1. [bookmark: _GoBack]A. MED: Few seconds Talent counting cells crypts.  (e.g., Talent at microscope, counting with hemacytometer)

2.7.1 B. LAB MEDIA: 2.7.1.B. Figure 5.pdf – isolated small intestinal crypts 10x

2.7.2. MED: Talent adding cells crypts to tube

2.8. Next, spin down the crypts and resuspend the pellet in 50 l of basement matrix.

2.8.1. MED: Talent placing tube(s) into centrifuge (TEXT: 5 min, 300 x g, RT)
 
2.8.2. CU: Shot of pellet if visible, then matrix being added to tube

2.9. Then seed the crypt solution into a pre-warmed 24-well plate and incubate the plate in a tissue culture incubator for 5-15 minutes.

2.9.1. MED – over the shoulder: Talent adding cells crypt-matrix solution to at least one well

2.9.2. MED: Talent placing plate incubator

2.10. Once the basement membrane has polymerized, incubate the matrix with 500 l of ENR medium in a cell culture incubator, refreshing the media every 3 days. 

2.10.1. CU: Shot of polymerized membrane in at least one well. then ENR medium being added to well

2.10.2. MED: Talent adding media to at least one well (TEXT: Passage cells 1:3/1:5 every 7 d)

2.11. Approximately 24 hours after seeding, the organoids will exhibit a small round cystic shape. After another 2-3 days, budding structures will become visible.

2.11.1. LAB MEDIA: Fig6.pdf arrows denote small round cystic organoids 10x

2.11.2. LAB MEDIA:  budding structures Fig7.pdf organoid with budding structures, arrows denote buds. 10x

3. Virus production 

3.1. While the organoids are adopting their cystic morphology, seed approximately 5x106 Platinum E cells in a 150 mm dish with 15-18 ml of media supplemented with puromycin and blasticidin.

3.1.1. WIDE: Few seconds Talent adding cells to dish

3.1.2. CU: Cells being added to dish, with media + antibiotics container with label visible in frame if possible (TEXT: See text for all media/reagent preparation details)
 
3.2. After 2-3 days, change the medium to media without antibiotics and add 30 g of retroviral DNA construct and 240 l of PEI (Pronounce: pai) to two individual tubes, each containing 1 ml of opti-MEM. 

3.2.1. CU: Media being added to dish (TEXT: 2-3 d ≈ 70-80% confluency), with media container with label visible in frame if possible

3.2.2. CU: Shot of DNA being added to tube, with DNA container label visible in frame if possible

3.2.3. CU: PEI being added to tube, with PEI container label visible in frame if possible (TEXT: PEI: polyethylenimine)

3.3. Next, mix the tubes and incubate them at room temperature.  After 5 minutes, pool the two solutions and incubate them at room temperature for another 20-30 minutes. 

3.3.1. MED: Few seconds Talent mixing at least one tube, then placing tubes at RT (Videographer: Split action into separate shots as necessary)

3.3.2. MED: Few seconds Talent pooling solutions, then placing tube at RT (Videographer: Split action into separate shots as necessary)

3.4. Add the complete mixture to the Platinum-E cells and carefully shake the plate to ensure equal distribution of the DNA-PEI complexes. 

3.4.1. MED: Talent adding mixture to cells, then shaking plate (Videographer: Split action into separate shots as necessary)

3.5. After an overnight incubation, refresh the medium and incubate the cells again.

3.5.1. MED: Talent adding media to dish

3.5.2. CU: Dish being placed in incubator

3.6. After 2 days, collect only the medium in a 50 ml falcon tube and strain it through a 0.45 m filter. 

3.6.1. MED: Few seconds Talent adding medium to tube

3.6.2. CU: Few seconds medium being filtered

3.7. Then centrifuge the solution for 12-16 hours at 8,000 x g and 4 °C, and resuspend the pellet in 250 l of Transduction medium.

3.7.1. CU: Tube(s) being placed in centrifuge

3.7.2. CU: Shot of pellet, if visible, then medium being added to tube

4. Retroviral transduction

4.1. To prepare the organoid fragments for retroviral transduction, first pipette the culture 30-50 times with a 200 l pipette tip to mechanically disrupt the organoids. The solution will become cloudy and no whole organoids should be detected.

4.1.1. A WIDE: Few seconds Talent pipetting organoids CU: Organoids before pipetting 

4.1.1 B WIDE: Few seconds Talent pipetting organoids

4.1.2. CU: Last few seconds of organoids being pipetted/solution becoming cloudy

4.2. After spinning down the fragments, incubate the pellet in 500 l of cell culture grade recombinant protease at 37°C for 5 minutes.

4.2.1. CU: Shot of pellet if visible (TEXT: 5 min, 900 x g, RT) then protease being added to tube

4.2.1 B. Protease being added to tube

4.3. Following the incubation, use a light microscope to assess the size of the organoid fragments and to count the number of cells per fragment. 

4.3.1. MED: Talent at microscope, looking at fragments


4.3.2. CU: Few seconds shot of hemacytometer being clicked for each fragment (TEXT: Incubate until fragment majority contains 5-10 cells) LAB MEDIA: Fig8.pdf - Representative image of organoid fragments

4.4. Then add 500 l of ENR medium to terminate the dissociation process and spin down the cell fragments.

4.4.1. MED: Talent adding medium to organoid fragments

4.4.2. CU: Tube(s) being added to centrifuge (TEXT: 5 min, 900 x g, RT)

4.5. After discarding the supernatant, place the pellet on ice and then seed the fragments into one well of a 48 well plate in 250 l of the previously prepared retroviral solution. 

4.5.1. MED: Talent places tube on ice

4.5.2. MED – over the shoulder: Few seconds Talent adding fragments to retroviral solution in plate

4.6. Mix the cell solution gently with a 1 ml pipette tip, and then seal the plate with Parafilm.

4.6.1. CU: Few seconds solution being mixed

4.6.2. CU: Few seconds plate being sealed with Parafilm

5. Spinoculation and plating

5.1. To perform the spinoculation, first centrifuge the 48 well plate for 1 hour at 600 x g and 32°C. Then carefully remove the Parafilm and incubate the plate for 6 more hours in a cell culture incubator.

5.1.1. WIDE: Talent placing plate into centrifuge

5.1.2. MED: Few seconds Parafilm being removed

5.1.3. MED: Talent placing plate into incubator

5.2. After the incubation, transfer the infected fragments to a 1.5 ml tube. Then spin down the organoid fragments again, and chill the pellet on ice for 5 minutes. 

5.2.1. MED: Talent adding fragments to tube

5.2.2. CU: Tube(s) being added to centrifuge (TEXT: 5 min, 900 x g, RT)

5.2.3. CU: Tube being placed on ice

5.3. Once the pellet has cooled, add 100 l of basement matrix to the tube and slowly pipet the pellet up and down to resuspend it.

5.3.1. CU: Basement matrix being added to tube, then pellet being pipetted up and down (Videographer: Split action into separate shots as necessary)

5.4. Then seed 50 l drops of the fragment:matrix suspension into each well of a 24-well plate, and incubate the plate at 37°C for 5-15 minutes.

5.4.1. CU: Shot of at least one drop being added to at least one well

5.4.2. CU: Plate being placed in incubator

5.5. After the basement matrix has solidified, incubate the organoids with transduction media without polybrene. After 2-3 days, add puromycin containing media to the wells to start the selection.

5.5.1. CU: Shot of solidified matrix in at least one well, then media being added to well with media container with label visible in frame if possible REUSE previous shoot

5.1.1 B Talent adding transduction media

5.5.2. CU: Puromycin containing media being added to at least one well, with puromycin container with label visible in frame if possible (TEXT: After 2-3 days, add puromycin containing media to the wells to start the selection)

5.6. When the fragments start to form organoids, replace the transduction media with ENR media supplemented with puromycin. 

5.6.1. MED: Talent removing transduction media from at least one well, with ENR media container with label visible in frame if possible

6. Results: Representative organoid images

6.1. Organoids are ready to be split when their central lumens become darkened due to the presence of dead cells. 

6.1.1. LAB MEDIA: Figure 2.pdf (Video Editor: if possible, outline or add arrow or asterix or otherwise indicate dark lumen of top left two cells when mentioned)

6.2. After 2-3 days of Wnt3a media pre-treatment, the organoids should adopt a round cystic morphology, increasing the number of stem cells and enhancing the chances of obtaining a stable integration in the stem cells. 

6.2.1. LAB MEDIA: Figure 3.pdf (Video Editor: with “should … morphology” please outline/circle a few cells)

6.3. In these images the fluorescent protein expression from the MSCV-eGFP retrovirus can be observed in the cells originating from the surviving organoids that acquired the expected cystic morphology within 2-3 days of transduction.

6.3.1. LAB MEDIA: Figure 4.pdf (Video Editor: with “fluorescent … retrovirus” please highlight the right image; with “expected … transduction” please highlight the left image)

7. Conclusion (said by authors on camera)
7.1. Amanda Andersson-Rolf: While attempting this procedure, it’s important to check the size of the organoid fragments, as it strongly affects their survivability.
7.2. Bon-Kyoung Koo: After watching this video, you should have a good understanding of how to perform retroviral transduction of organoids.
       
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, 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.  

Figure 1.pdf: (previous Fig1): Schematic overview of the protocol, for print version only
Figure 2.pdf: (previous Fig2): organoids ready to be split, for both print and video (6.1.1)
Figure 3.pdf: (previous Fig3): organoids that have adopted a cystic morphology, for both print and video (6.2.1)
Figure 4.pdf: (previous Fig4): gfp expressing organoids, for both print and video (6.3.1)
2.7.1.B. – Figure 5 crypts.pdf (new): 
2.11.1-Figure 6.pdf (new): small round cystic organoids, for video only (2.11.1)
2.11.2-Figure 7.pdf (new): budding structures with arrows, for video only (2.11.2)
4.3.2 -Figure 8.pdf (new): representative image of organoid fragments, for video only (4.3.2)


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, as well as an introduction to your videographer, closer to your filming date.
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