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Title: Assessing Species-Specific Contributions to Craniofacial Development using Quail-Duck Chimeras

A. Will you require assistance with video microscopy, such as filming a complex dissection or microinjection technique (Y/N, please specify steps by number. Also, please list make and model of your microscope)?  Y, Leica MZ6

B. Does your protocol include detailed, step-by-step, descriptions of software usage (Y/N, please specify steps by number)? N

C. Which steps of your protocol will viewers benefit most from having filmed? (use the numbering below) 2.1-2.12; 3.6-4.7

D. What is the single most difficult aspect of this procedure and what do you do to ensure success?  The most difficult aspect of the procedure is the transfer of the tissue from one embryo to the other. We use a special tool, the Spemann Pipette, to improve control, but ultimately, success comes with practice.

E. Will the shoot take place in more than one location?  (Y/N, specify travel time between locations). N

Schematic Overview (read by a voice talent at JoVE)

The overall goal of this procedure is to use quail-duck chimeras as a means to investigate mechanisms through which neural crest cells generate species-specific patterns during craniofacial development. (Intro)  This is accomplished by first dissecting and removing a strip of the neural fold from the mid- and anterior hindbrain region of a stage 9.5, quail embryo. (P1)  The second step involves transferring the quail donor neural fold to the duck host embryo. (P2)  The third step involves dissecting and removing the equivalent region of a stage 9.5, duck, host embryo. (P3)  The final step is to place the quail neural fold into the duck mid- and anterior hindbrain region. (P4)  Ultimately, the resulting chimeric embryos can pinpoint neural crest-mediated changes in gene expression through in situ hybridization, and can also reveal morphological changes through histological analyses. (P5)

Video editor:
P1 – show provided image with the long rectangular piece of blue intact with the dorsal view, to begin.  Then, add ONE “cut” label, run the dotted line around the cutting border and slide out the blue rectangle adding the label “isolate”.  Also, notice on the left part (cross section view) of the diagram there is also a marking – animate this in the same way in time with the dorsal view.
P2 – Animate the bent tip sucking up the blue strip from the P1 illustration.  Then zoom into the graphic to arrive at the P2 illustration.  It would be a good idea to flip the P2 graphic around, so the pipette opening is on the left. 
P3 – Now, fade to the provided graphic.  Nothing cut though.  Have the small version of the pipette with blue strip enter from the side.  Then it sets the blue strip near the area that’s going to be “cut”.   Now, add the dotted line and the “cut” label and remove the light blue rectangular section like was done with P1, leaving a pink space behind that will accommodate the blue rectangle to its side.
P4 – add a poker from the left and have it push the blue rectangle into the pink hole of the same size.
P5 – fade to the provided graphic for P5.  Then, if needed, fade to Figure 1D.


[image: Macintosh HD:Users:Steven:Desktop:Screen Shot 2014-01-28 at 8.41.32 AM.png]

1. Introductory Interview (spoken by you on camera. Don’t forget to smile!)  

1.1. Rich Schneider: I first had the idea for this method, when I was watching Brown Pelicans fly over Ocean Beach in San Francisco and I realized that neural crest cells might be the source of species-specific pattern since they gave rise to the beak skeleton.  Although I couldn’t get Brown Pelican eggs, I was able to find a commercial supplier of White Pekin duck given that San Francisco has the largest Chinatown outside of Asia. 
1.2. Jennifer Fish: By exploiting differences in the rates of maturation and morphology between quails and ducks, this method can help answer key questions in the field of developmental biology, such as understanding the origins of species-specific pattern.  
1.3. Rich Schneider: Performing the surgery will be Dr. Jennifer Fish, who is a Postdoctoral Scholar in my laboratory.  Assisting during the surgery will be Kate Woronowicz, who is a graduate student. 

Protocol Chapters (read by a voice talent at JoVE):
2. Prepare Spemann Pipettes
2.1. Using a Bunsen burner, heat the narrow end of a Pasteur pipette until the glass along the taper begins to melt.  
2.1.1. WID: talent with burner on, pipette ready to bend – proper precautions in use
2.1.2. CU: bending pipette to proper shape in flame
2.2. Remove it from the flame and pull the tip until the pipette becomes sealed.  Be sure that a portion of the tapered part has an outer diameter between 0.7 and one mm.
2.2.1. CU: pipette leaves the flame and talent tugs out tip to seal it
2.2.2. ECU: detail of the tip with a scale/ruler to show tip’s diameter in mm
2.3. Then, break off the sealed end about 4 cm from the taper.
2.3.1. ECU: breaking off the sealed end 4 cm from taper, the talent uses a ruler to find this location
2.4. Next, attach about two feet of rubber tubing to the open end of the pipette.  Blow on the other end – there should be no air passing through the connection or other end of the pipette.
2.4.1. MED: attach rubber tubing to open end of pipette (Take 1 mis-slated as 2.3.1)
2.4.2. MED: blowing on the tube, once attached – ask talent to puff cheeks
2.5. While providing gentle pressure by blowing on the tube, use a propane pencil-flame torch to heat an oval area on one side of the pipette just below the start of the taper. 	
2.5.1. 	 MED: talent lights the pencil flame and then prepares to blow on tube again
2.5.2. CU/ECU: pencil flame applied to pipette while talent ready to blow (angle so talent’s face is out of focus in background) – continues into 2.6.1
2.6. As soon as the glass begins to buckle outwards, remove the pipette from the flame and blow gently through the rubber tubing. This will cause the heated part of the glass to form a sausage-shaped bubble.  Too much pressure will cause the glass bubble to pop, and this should be avoided.
2.6.1. Continuing of 2.5.2, the glass buckles out (talent may begin to blow immediately, which should be noticeable in background by cheek puffing – the timing of this would be nice to see)
2.6.2. MED: talent removes pipette from flame and blows on tube (here we see when the blowing begins, if it has already started or if talent waits until pipette out of the flame)
2.6.3. CU: bubble forming or formed on pipette from blowing
2.7. The resultant window in the pipette should be about 1 cm wide and 1.5 to 2 cm long. 
2.7.1. ECU: applying a ruler to the open window on the pipette showing it is between 1.5 and 2 cm.
2.8. Now, point the tapered end upwards and scrape the bubble into a glass waste container while gently blowing through the tubing to prevent glass fragments from entering the pipette.  
2.8.1. MED: points end up, scrapes glass and blows (pipette over waste)
2.8.2. CU: scraping glass bubble away, glass fragments are jettisoned due to scraping and positive air pressure
2.9. Then, using the propane flame, carefully burn off the remaining edges of the bubble and fire-polish the sides of the open window.  Alternate burning each side of the opening to avoid melting the shaft of the pipette.
2.9.1. MED: lighting propane flame
2.9.2. CU/ECU: fire-polishing the open window, pipette shape is not altered
2.10. Next, use a diamond-tip pencil to score the tapered end of the pipette 1 cm from the beginning of the taper.  Hold the diamond-tip pencil in a vertical position.
2.10.1. CU: diamond point tool in hand ready to score
2.10.2. ECU: scoring the pipette as described
2.11. Using forceps, gently break the pipette at the scored line to remove the tip.  Check under a dissecting microscope to make sure the break is clean and not jagged.  
2.11.1. CU: forceps snap off the tip where glass is scored, show break in detail
2.12. Hold the pipette as one would hold a pencil with an index finger over the open window.  For left-handed pipettes, the center of the window should be held at the ten o’clock position whereas for right-handed pipettes, the center of the window should be held at the two o’clock position. (VO-record this sentence separately in case there is not enough video coverage for this addition and the editors can splice it out)  At approximately 9.5 mm from the tip, soften the glass on the pipette by holding it adjacent to the edge of the flame of an alcohol burner.  Apply pressure to the tip with forceps to bend the narrow end of the pipette down at a 60-degree angle.
2.12.1. MED: lighting alcohol burner
2.12.2. CU: forceps shaping the narrow tip of pipette in flame
2.12.3. CU/ECU: when completed, show that the bend was placed about 9.5 mm from the tip using a ruler placed behind pipette (as we’ve done before)
2.13. Under a dissecting scope, quickly and carefully fire-polish the tip with the alcohol burner.  The finished opening should be rounded and unobstructed.  Note that the tip will become constricted and unusable if held in the flame too long.   
2.13.1. WID: talent sits at dissecting scope with pipette and alcohol burner
2.13.2. ECU: Aided by a microscope, talent finishing the tip
2.13.3. SCOPE: magnified image of pipette tip polishing, showing progression from rough edges to smooth.
2.14. Now, lubricate a 2.5 cm length of rubber tube with 70% ethanol.  Slide it over the shaft of the pipette from the bottom up to cover the open window.
2.14.1. MED: talent cuts a 2.5 cm tube length and sprays with 70% EtOH.
2.14.2. ECU: sliding tube length over pipette to cover the “window” or hole in side of pipette
2.15. Then, place a two-milliliter latex bulb onto the open end of the pipette, to maintain internal air pressure.
2.15.1. CU: attaching a bulb to the pipette, where hose length was attached
2.15.2. MED: talent holding completed Spemann pipette, presses bulb, checks pressure created – turns the pipette about for inspection
3. Tissue Collection and Transplantation
3.1. First prepare the host egg.  Cut the vitelline membrane using a flame-sharpened tungsten needle and pull the membrane over the embryo.  Then, re-seal the egg with tape as done for the donor egg.
3.1.1. WID: talent holding host egg - removing a piece of shell along the window, last steps in making ready to cut vitelline membrane
3.1.2. CU: SCOPE: cutting the vitelline membrane with needle  (Take 2 is best)
3.1.3. MED: taping up the opened area and turns attention to the donor egg
3.2. Remove the tape from the window on the donor egg.
3.2.1. CU: removes the tape of donor egg
3.3. To cut the neural fold from the donor embryo, make slits on both sides of the neural tube using a flame-sharpened tungsten needle. 
3.3.1. MED: moves egg to under the scope
3.3.2. SCOPE: identifies neural tube and makes slits on either side
3.4. Then, cut across the neural tube at the desired anterior and posterior levels of the graft and tease the graft apart from the rest of the neural tube.  Pay attention to any particular anatomical details like the anterior versus posterior shape of the graft, which will allow the donor tissue to be oriented properly when placed in the host.
3.4.1. [combined with 3.3.2] SCOPE: making cuts across the tube, the separating out the section of tube
3.5. Rich Schneider: Be certain the tungsten needle is extremely sharp, and use quick and deliberate stokes with it in order to remove the donor tissue completely and in one piece.
3.5.1. MED/WID: talent interview at bench.
3.6. Remove the neural fold from the donor embryo using a Spemann pipette.  Draw up as little liquid as possible or the tissue could float away on transfer.
3.6.1. SCOPE: sucking up neural fold into Spemann pipette
3.6.2. [combined with 3.6.1] SCOPE/ECU: focus on tissue with minimal surrounding solution in pipette
3.7. Now, remove the tape from the window on the host egg and use the Spemann pipette to place the donor neural fold alongside the host embryo adjacent to the region of the neural tube that will receive the transplant.
3.7.1. CU: removing the window tape from host egg and positioning it under the scope
3.7.2. SCOPE: ejecting the tissue from Spemann pipette into position on host
3.8. Now, separate the neural fold from the neural tube of the host embryo, as done with the donor. Take care to remove a graft of equal size as the donor tissue.  Gently push this host tissue far away from the embryo.
3.8.1. SCOPE: cutting out section of neural tube from host, then pushing it aside
3.9. Then, with a blunt tungsten needle or the rounded tip of a micropipette, gently move the donor neural fold into the host neural tube, maintaining the proper anteroposterior and dorsoventral orientations.  
3.9.1. SCOPE: nudging tissue into position
3.10. Make sure the graft is tucked in along the sides but be sure not to poke or damage the underlying tissues.
3.10.1. SCOPE: tissue now in position, talent checks the edges
3.11. Sterile saline should be carefully and gently applied over the host embryo if there are any signs of desiccation.
3.11.1. SCOPE: applying saline over the host embryo, just to moisten it
3.12. Now, carefully re-seal and label the egg, and gently return it to a high humidity incubator (TWXT: 70% - 80% RH) where the chimeric embryo can develop to the desired stage for analysis.
3.12.1. CU: taping the window in the egg
3.12.2. WID: placing the egg in the incubator and closing it up, talent walks away
3.13. For analysis, collect the chimeric embryos in freshly made, cold Serra’s fixative.  Then, immediately place them on a rocker at 4 °C for an overnight fixation.  This will allow for more-sensitive detection of quail cells with the anti-quail antibody.
3.13.1. WID: collecting embryo into Serra’s fixative
3.13.1.1 added shot to show CU of embryo for 3.13.1 wide establishing shot
3.13.2. MED or WID: placing embryo in fixative on rocker in refrigerator or in cold room (WID for cold room)
3.13.3. CU: embryo in solution sloshing about with rocking
3.14. Another important step, for gene expression analyses by real time, quantitative PCR, is to freeze the embryos in liquid nitrogen prior to RNA extraction. 
3.14.1. WID: collecting another embryo, liquid nitrogen tank ready to use
3.14.2. MED: flash freezing collected embryo tissue in liquid nitrogen
4. Early Craniofacial Development
4.1. Quails and ducks show considerable differences in size and shape, and thus, their embryos are ideally suited for making a chimeric system to study craniofacial development.  Specifically, this system is useful for investigating the role of neural crest cells in patterning the facial skeleton.
4.1.1. LAB MEDIA: Figure A and B – side by side (Filenames:  “Fish and Schneider JoVE Figure 1A Final” and “Fish and Schneider JoVE Figure 1B Final”
4.2. In the chimeric “quck” embryo, donor quail neural crest cells migrate into the host duck mandibular arch in a duck-like pattern.  Quail donor cells, in green, are viewed with an anti-quail antibody from the ventral view in a stage 12 chimeric embryo.  (TEXT: quck (kwuk) = a quail-duck chimera)
4.2.1. LAB MEDIA: Figure 1D (Filename: “Fish and Schneider JoVE Figure 1D Final”)
Voice over: The enunciation of quck rhymes with duck. 
Video editor: the u in kwuk in the TEXT should be an upside-down e, which I can’t find in my word processor. 
4.3. The donor neural crest generates a mandibular skeleton that is quail-like in size and in shape.
4.3.1. LAB MEDIA: Figure 1E (Filename: “Fish and Schneider JoVE Figure 1E Final”)

5. Conclusion Interview (spoken by you on camera)

5.1. Jennifer Fish: Once mastered, each transplant can be done in approximately five minutes if it is performed properly.  Any longer puts the embryo at risk for desiccation and decreases the survival rate.
5.2. Rich Schneider: While attempting this procedure, it’s important to remember to be aware of your posture, relax your shoulders, and maintain good hand position.  Develop a routine and place your surgical tools and reagents in same location every time so that you can keep your eyes in the microscope and move your hands in an automated manner. 


List of Provided Media Filenames and Descriptions (fill this in)

In this space, 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 .tif files at dimensions of at least 720X480 pixels and 300 dpi.  Higher  resolutions are better.  Likewise any exported movie files should have at minimum these dimensions and be rendered to .mov, .mp4, or .avi files.  

Filenames for Schematic Overview:

P1:  “JoVE Schematic P1 Final”
P2:  “JoVE Schematic P2 Final”
P3 and P4:  “JoVE Schematic P3 P4 Final”
P5:  “JoVE Schematic P5 Final”

[bookmark: _GoBack]Filenames for Lab Media:

4.1.1. Filenames:  “Fish and Schneider JoVE Figure 1A Final” and “Fish and Schneider JoVE Figure 1B Final”
4.2.1. Filename: “Fish and Schneider JoVE Figure 1D Final”
4.3.1 Filename: “Fish and Schneider JoVE Figure 1E Final”





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.
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