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A.  Will you require JoVE to record video microscopy? Y: Olympus SZ 40 with an opening for a camera

We also have a LEICA MZFLIII connected to a camera/software but very difficult to use for dissection.
B.   Does your protocol include descriptions of software usage? N
C.  Which steps of your protocol will viewers benefit most from having filmed? 2.1.-2.3., 2.5.-2.7., 3.4.-3.7., 4.2.-4.6., 5.3.-5.7.
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success? 4.10-4.12
E.  Will the filming need to take place in multiple locations? Possibly two different labs (200 m apart)
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 goal of this protocol is to use X. laevis blastocoel roof, or animal cap, explants for testing the molecular mechanisms and cellular processes underlying neural development in vitro and in vivo. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.1. Beatrice Durand: These methods can help answer key questions in the developmental and stem cell biology fields about fate acquisition, cell migration and the cell autonomous and non-autonomous properties of neural cells.
1.2. Beatrice Durand: The presented techniques provide simple, cheap, versatile and efficient tools for exploring the fundamental mechanisms of key neural cell behaviors. 

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

1.3. Elena Sena-Fernandez: These assays allow the testing of neural fate determinants for reprogramming induced pluripotent stem cells and the in vitro generation of neural-derived cell types for drug screening.
1.4. Caroline Borday: Generally, individuals new to this method will struggle as the techniques require manual dexterity.

1.5. Beatrice Durand: I first had the idea for this method when I was thinking of analyzing cell segregation behavior. (take 2)
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
E.  Ethics title card: (for human subjects or animal work, does not count toward word length total)
1.6. Procedures involving animal subjects have been approved by the National and European regulation on the protection of animals used for scientific purposes and with internationally established principles of replacement, reduction and refinement.
Protocol (read by voice talent at JoVE):
2. Xenopus laevis tadpole anterior neural tube flat-mounting
2.1. To flat mount a Xenopus laevis anterior neural tube, use a plastic transfer pipette to transfer a fixed and dehydrated embryo [2.1.1.-WIDE-TXT] into a 60 mm petri dish filled to the top with PBT [2.1.2.-CU]. 
2.1.1. Talent placing embryo into petri dish (TEXT: See text for fixation/dehydration details)

2.1.2. Embryo being placed into petri dish full of PBT, with PBT container label visible in frame (TEXT: PBT: PBS + 0.1% Tween)

2.2. Next, insert a pair of fine forceps between the eyes and the neural tube at the level of the optic stalk [2.2.1.-SCOPE], and detach the eyes [2.2.2.-SCOPE]. 
2.2.1. *Film as written

2.2.2. Few seconds eyes being detached (with 2.2.1) (2 embryos have been done, the first one is a stage 38 embryo the second one is a stage 33)
2.3. Then carefully introduce the forceps below the ectoderm overlying the neural tube behind the head [2.3.1.-SCOPE], carefully peel off the ectoderm [2.3.2.-SCOPE]. 
2.3.1. *Film as written (with 2.2.1) use the second embryo
2.3.2. Few seconds ectoderm being peeled off (also 2.2.1)
2.4. After performing the appropriate in situ hybridization labeling [2.4.1.-MED-TXT], transfer the embryo into a new 60 mm petri dish filled with PBT [2.4.2.-MED] and use fine forceps to grossly isolate the anterior neural tube from the embryo [2.4.3.-SCOPE].
2.4.1. Few seconds Talent adding probe to tissue, with probe put embryo in tube containing hybridization in situ, visible in frame (TEXT: See text for ISH protocol details)
2.4.2. *Film as written

2.4.3. Few seconds tube being dissected
2.5. Then carefully remove the loosely attached notochord from below the neural tube [2.5.1.-SCOPE], if necessary the otic vesicles [2.5.2.-SCOPE], and the remaining parts of the mesoderm [2.5.3.-SCOPE].
2.5.1. Few seconds tissue being removed (Videographer: Combine 2.5.1. and/or 2.5.2. and/or 2.5.3. as appropriate)
2.5.2. Few seconds tissue being removed (Videographer: Combine 2.5.1. and/or 2.5.2. and/or 2.5.3. as appropriate)
2.5.3. Few seconds tissue being removed (Videographer: Combine 2.5.1. and/or 2.5.2. and/or 2.5.3. as appropriate)
2.6. When all of the neural tube appendices have been severed [2.6.1.-SCOPE], separate the anterior neural tube from the embryo and transfer the isolated neural tube into a 1.5 ml conical tube filled with 50% glycerol in PBS for overnight treatment at 4°C [2.6.2.-MED-TXT].
2.6.1. Shot of fully dissected neural tube

2.6.2. Talent placing tissue into tube, with glycerol + PBS container visible in frame (TEXT: See text for all media/reagent preparation details)
2.7. After a second overnight treatment in 90% glycerol [2.7.1.-MED-TXT], transfer the neural tube onto a microscope slide in a small amount of glycerol [2.7.2.-CU/SCOPE] and use tungsten needles to dissect the neural tubes along the dorsal and ventral midlines [2.7.3.-SCOPE].
2.7.1. Talent placing tube at 4°C (TEXT: See text for glycerol treatment details)
2.7.2. Tube being placed onto slide (scope + cu)
2.7.3. Few seconds tube being dissected
2.8. Then use reinforcement rings covered with a glass coverslip to mount the two sides of the neural tube in 90% glycerol in PBS [2.8.1.-SCOPE].
2.8.1. Few seconds tube being mounted (take 4)
3. Animal cap explant induction using anion exchange resin beads
3.1. To induce animal cap explant formation, use a P1000 micropipette to split half an aliquot of BSA-treated resin beads into a new 1.5 ml tube [3.1.1.-WIDE-TXT]. 
3.1.1. Talent adding beads to tube (TEXT: See text for bead preparation details)

3.2. Then replace the sterile distilled water in the new tube with 500 microliters of medium containing the experimental molecule of interest for 2 hours at 4°C [3.2.1.-CU].
3.2.1. Experimental molecule being added to beads, with exp molecule container label visible in frame (TEXT: Other ½ beads (-) control)

3.3. At the end of the incubation, transfer blastula or very early gastrula embryos into PBS with calcium and magnesium supplemented with 0.2% BSA [3.3.1.-MED/CU-TXT].

3.3.1. Embryo being placed into PBS + BSA, with PBS + BSA container label AND stereomicroscope visible in frame (Videographer: Multiple takes; shot will be used again) (TEXT: 12°C embryos reach blastula/gastrula in 20-24 hrs) 
3.4. Next, under a stereomicroscope, pinch the vitelline membrane with the side of one pair of forceps [3.4.1.-SCOPE] and use a second pair of forceps to slowly peel the membrane from the vegetal side of the embryo, taking care not to damage the animal side [3.4.2.-SCOPE].
3.4.1.  *Film as written
3.4.2. Few seconds membrane being peeled (with 3.4.1)
3.5. Then, using fine forceps, cut out a small square from the animal pole of each embryo [3.5.1.-SCOPE-TXT]. 
3.5.1. Few seconds square being cut out (TEXT: See text for animal cap isolation details) (Shot will be used again)
3.6. Using a BSA-coated pipette tip, transfer the caps into individual wells of a Terasaki multiwell plate in 0.5x Modified Barth's Saline [3.6.1.-SCOPE], placing the pigmented animal side in contact with the round bottom of the well [3.6.2.-SCOPE].
3.6.1. Talent adding at least one cap to at least one well, with MBS container visible in frame (take 4)
3.6.2. AC in well/being placed in well with animal side down (with 3.6.1)
3.7. Using a P20 micropipette, select the darkest pink beads from the treatment tube [3.7.1.-SCOPE] and place one bead onto each cap [3.7.2.-SCOPE], using forceps to center the beads on the caps [3.7.3.-SCOPE].
3.7.1. One dark bead being selected (take 3)
3.7.2. One bead being placed onto one cap (with 3.71)
3.7.3. Few seconds bead being centered (with 3.71)
3.8. When the last bead has been placed, set the plate on top of water-soaked papers [3.8.1.-MED] and cover the plate with a plastic container [3.8.2.-CU].
3.8.1. *Film as written

3.8.2. *Film as written
4. Animal cap dissociation and re-aggregation

4.1. To prepare dissociated and re-aggregated animal cap explants, isolate 15-30 animal caps as just demonstrated [4.1.1.-WIDE/MED], using fine forceps to cut out a small square of tissue from the animal poles [4.1.2.-SCOPE].
4.1.1. Few seconds Talent at microscope, dissecting explant (Videographer: Multiple takes; shot will be used again)
4.1.2. Use 3.4.1. cutting square/animal cap
4.2. Transfer the animal caps into an agarose-coated well filled with calcium-free Holtfreter's saline with their pigmented sides facing up [4.2.1.-SCOPE].
4.2.1. At least one AC being placed into saline with pigmented side up and saline container visible in frame (take 2)
4.3. After a few minutes, disaggregation should be observed [4.3.1.-SCOPE]. Use fine forceps to separate the pigmented layers from the rest of the tissue [4.3.2.-SCOPE] and then use a P20 micropipette to discard the pigment [4.3.3.-MED].
4.3.1. Shot of at least one disaggregated AC

4.3.2. Few seconds layer(s) being removed (with 4.3.1)
4.3.3. *Film as written (with 4.3.1)
4.4. When most of the pigmented layers have been removed [4.4.1.-SCOPE], swirl the plate to center the cells [4.4.2.-CU] and use a P1000 micropipette to remove as much of the medium as possible, taking care not to touch the cells [4.4.3.-CU].
4.4.1. Shot of AC without pigmented layers

4.4.2. Few seconds plate being swirled

4.4.3. Few seconds medium being removed
4.5. Then add 1 ml of Holtfreter's saline with calcium to the well [4.5.1.-CU] and transfer the dissociated animal caps into a 1.5 ml tube [4.5.2.-CU-TEXT]. 
4.5.1. *Film as written

4.5.2. At least one cap being added to tube (TEXT: Caution: Do not use round bottom 2 ml tubes)

4.6. After spinning down the cells [4.6.1.-MED-TXT], use a P1000 micropipette to carefully remove the supernatant [4.6.2.-CU] and resuspend the pellet in 20 microliters of Holtfreter's saline with calcium [4.6.3.-CU].
4.6.1. Talent taking tube(s) out of centrifuge (TEXT: 5 min, 500 x g, RT)
4.6.2. Shot of pellet if visible, then few seconds supernatant being removed

4.6.3. Few seconds pellet being resuspended
4.7. Allow the cells to re-aggregate for 3-6 hours at room temperature [4.7.1.-MED]. 
4.7.1. Talent placing tube at RT

4.8. Then slowly add 1 ml of 3/4 NAM (Pronounce: 3 quarter nam [like “ham”]) to carefully detach the explants from the bottom of the tube [4.8.1.-CU] and use a plastic transfer pipette to distribute the explants into individual un-coated plates [4.8.2.-CU].
4.8.1. Few seconds medium being added to tube, with explants being detached visible if possible and NAM container visible in frame 
4.8.2. At least one explant being added to plate
5. Animal cap explant implantation onto Xenopus laevis embryo neural plates
5.1. To implant animal cap explants onto Xenopus laevis neural tubes [5.1.1.-WIDE], first coat 60 mm petri dishes with 3% agarose in 3/4 NAM into which small holes have been made [5.1.2.-CU].
5.1.1. Few seconds Talent adding NAM to dish (use 5.1.1B)
5.1.2. Shot of dish with NAM with holes visible and NAM container label visible in frame
5.2. Next, transfer fresh embryos into PBS with calcium and magnesium supplemented with 0.2% BSA [5.2.1.-MED] for removal of the vitelline membrane as just demonstrated [5.2.2.-MED].
5.2.1. use 3.2.2. embryo being placed into tube (use WIDE)
5.2.2. use 4.1.1. Talent working at microscope (scope + MED)
5.3. Then fill the agarose-coated dissection dish with fresh ¾ NAM [5.3.1.-MED] and transfer the embryos into the dissection dish dorsal side up [5.3.2.-CU-TXT].
5.3.1. NAM being added to dish, with NAM container label visible in frame (use 5.1.1)
5.3.2. At least one embryo being added dorsal side up (TEXT: Caution: Do not let embryos contact air-liquid interface)
5.4. Now transfer an animal cap explant to the dissection plate [5.4.1.-MED], allowing the explant to slowly sink down into the dish by gravity once the pipette tip has breached the NAM surface [5.4.2.-CU].
5.4.1. Talent adding explant to plate

5.4.2. Pipette tip breaching surface then few seconds explant sinking to bottom of plate
5.5. Then, under a stereomicroscope, use rounded forceps to hold the embryo in place [5.5.1.-SCOPE] while using a tungsten needle to make an incision in the neural plate for the explant [5.5.2.-SCOPE].
5.5.1. *Film as written

5.5.2. Few seconds incision being made (with 5.5.1)
5.6. Cut out a small piece of neuroepithelium with an eyebrow knife, using the tissue fragment to size a piece of explant for the graft [5.6.1.-SCOPE]. 
5.6.1. Few seconds incision being made, with tissue fragment visible in frame if possible
5.7. Then use the eyebrow knife and fine forceps to transfer the explant graft into the neuroepithelium incision [5.7.1.-SCOPE], taking care that the explant rapidly attaches to the embryo [5.7.2.-SCOPE].
5.7.1. First few seconds explant being placed into incision (Videographer: Combine 5.7.1. and 5.7.2. as appropriate)

5.7.2. Shot of explant attaching to embryo (Videographer: Combine 5.7.1. and 5.7.2. as appropriate) (with 5.7.1)
5.7.3. EXTRA talent check the graft fluorescence

6. Results: Representative Xenopus explants
6.1. In this figure, X. laevis [6.1.1.-LM] and X. tropicalis [6.1.2.-LM] anterior neural tubes flat-mounted as just demonstrated at stages 30 [6.1.3.-LM], 32 [6.1.4.-LM], and 35 after whole mount-double in situ hybridization are shown [6.1.5.-LM].
6.1.1. Figure 1.jpg: please add/highlight/indicate 3 X laevis images
6.1.2. Figure 1.jpg: please add/highlight/indicate X tropicalis image
6.1.3. Figure 1.jpg: please indicate st 30 image
6.1.4. Figure 1.jpg: please indicate st 32 image
6.1.5. Figure 1.jpg: please indidcate st 35 images
6.2. As observed in these images, the expression of Xenopus sonic hedgehog is detected in cells in contact with beads soaked in conditioned medium supplemented with the N-terminus of the sonic hedgehog gene [6.2.1.-LM] but not in cells in contact with beads treated with control medium [6.2.2.-LM].
6.2.1. Figure 2b.jpg: please add/highlight/indicate right image (Video Editor: do not have to include above text)
6.2.2. Figure 2b.jpg: please add/highlight/indicate left image (Video Editor: do not have to include above text)
6.3. After dissociation and re-aggregation as just demonstrated, these explants with anteriorised animal cap cells were mixed with anteriorised animal cap cells expressing Otx2 (Pronounce: O-T-X-two) [6.3.1.-LM]. As observed, these Otx2-expressing cells did not segregate from the non-OTx2-expressing cells; both types of cells intermingled freely throughout the explant [6.3.2.-LM].

6.3.1. Figure 3bc.jpg: no animation

6.3.2. Figure 3bc.jpg: please indicate some individual red cells throughout either/both image(s) (Video Editor: do not have to include above text)
6.4. In contrast, in explants where Otx2-expressing cells were mixed with Barhl2- (Pronounce: bar-H-L-two), Otx2- and Irx3 (Pronounce: I-R-X-three)-expressing cells, the multi-gene-expressing cells formed cohesive patches that did not spread uniformly within the re-aggregated explant [6.4.1.-LM].
6.4.1. Figure 3de.jpg: please indicate some/one red cluster in either/both image(s) (Video Editor: do not have to include above text)
6.5. When grafted into the anterior neural plate of X. laevis embryos as just demonstrated, mixed explants composed of cells co-expressing Barhl2, Otx2, and Irx3 mixed with N terminus-sonic hedgehog-expressing cells exhibited both endogenous sonic hedgehog expression [6.5.1.-LM] and segregated from the anterior neuroepithelial cells [6.5.2.-LM].
6.5.1. Figure 4bc.jpg: please highlight/indicate bottom image and/or indicate red/brown staining in bottom image
6.5.2. Figure 4bc.jpg: please highlight/indicate bottom image and/or indicate blue staining in bottom image
6.6. Whereas when mixed explants composed of Otx2- and N terminus sonic hedgehog-expressing cells were grafted in the X. laevis neural plate, the grafted cells neither expressed sonic hedgehog [6.6.1.-LM] nor segregated from their neighbors [6.6.2.-LM].
6.6.1. Figure 4bc.jpg: please highlight/indicate top image and/or indicate red/brown staining in top image
6.6.2. Figure 4bc.jpg: please highlight/indicate bottom image and/or indicate blue staining in bottom image
7. Conclusion (said by authors on camera)

7.1. Beatrice Durand: Once mastered, grafting the animal cap explants onto embryonic neural plates can be performed in 2-3 hours depending on the number of embryos grafted. It is a very robust and very rewarding technique.
7.2. Elena Sena: While attempting this procedure, it’s important to be extremely cautious about bacterial and fungal contamination. 
7.3. Beatrice Durand: Following this procedure, other methods, like whole mount in situ hybridization, can be performed to follow the fates and behaviours of the grafted cells.
7.4. Elena Sena: The developmental programs underlying neural tube organogenesis are largely conserved, especially in vertebrates. Thus, information acquired in amphibians helps further our understanding of the cellular and molecular processes underlying vertebrate development.

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.  

Figure 2b.jpg
Figure 3bc.jpg

Figure 3de.jpg

Figure 4bc.jpg
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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