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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)___Y____  (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)____maybe___ 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.) 2.7, 3.1, 3.3, 3.3, 3.4, 3.7__

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.) 3.4, 3.7_

E.  Will the filming need to take place in multiple locations? (Y/N) ___N___ 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 goal of this method is to generate parabiotic zebrafish embryos, which can be used for studying cell intrinsic versus cell extrinsic functions for candidate genes of interest. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.1. Dhvanit Shah: This method can help answer key questions of cell autonomy. For example, in the hematopoietic system, whether defects in HSC migration are intrinsic to the HSCs or their niche microenvironment.

1.2. Elliott Hagedorn: The main advantage of this protocol is an improved ability to successfully generate parabiotic zebrafish embryos.

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

1.1. Taylor Patch: Generally, individuals new to this method will struggle because the developing embryo is extremely fragile and easily damaged.

1.2. Brian Li: Visual demonstration of this method is critical as the surgical stitching steps can be difficult to learn, because they require a high degree of accuracy and precision. 

1.3. Jennifer Cillis: Here we provide step-by-step instructions to generate parabiotic zebrafish embryos by surgical fusion of developing blastulas.
1.4. Raquel Riquelme: This method demonstrates how to increase efficiency of parabiotic fusions and enhance survival of conjoined embryos.

E.  Ethics title card: (for human subjects or animal work, does not count toward word length total)

1.9. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) at Boston Children’s Hospital.
Protocol (read by voice talent at JoVE):

2. Preparation for Surgical Fusion
2.1. After preparing reagents and tools according to the text protocol [2.1.1-WIDE/MED], prepare 2 – 3 modified Pasteur pipettes by briefly heating the end of the pipette over a Bunsen burner [2.1.2-MED/CU].  Then, using large forceps, while it is still hot, bend the end of the pipette approximately 45 degrees [2.1.3-CU/ECU].
2.1.1. Talent approaches bench with a reagent and places on bench with other reagents and tools

2.1.2. Talent places end of pipette into flame of Bunsen burner to heat it

2.1.3. [combined with 2.1.2]  Talent bends pipette, showing the 45-degree angle of the pipette after it is bent
2.2. To ensure that there are no sharp edges that might damage the embryos, heat the end of the pipette over the Bunsen burner for 1 – 2 seconds [2.2.1-CU]. 

2.2.1. Talent heats pipette over Bunsen burner for 1 – 2 seconds

2.3. Using plasmid DNA, mRNA, or morpholino, microinject embryos within one hour of collection [2.3.1-SCOPE/ECU] and allow them to develop to the 256-cell stage [2.3.2-LM-TXT].
Record out of order
2.3.1. Talent injects a series of embryos (TEXT: refer to text protocol for details)
2.3.2. Image of embryos at 256 cell stage (TEXT: ~2.5 hpf), Authors will provide

2.4. As the embryos approach the 256 cell stage, transfer each genetic background into separate agarose-coated dishes, scratch-free glass beakers, or Petri dishes [2.4.1-CU].
2.4.1. Talent transfers embryos from labeled petri dishes to labeled agarose coated dishes 

2.5. After dechorionating the embryos according to the text protocol [2.5.1-LM-TXT], thaw previously prepared methylcellulose [2.5.2-CU] and use a tabletop centrifuge at maximum speed to pellet undissolved crystals, which will damage the embryos or rupture the yolks [2.5.3-MED/CU]. 

2.5.1. Image of dechorionated embryos (TEXT: have 60 – 100 embryos available)

2.5.2. Talent picks up almost thawed methylcellulose from bench to show camera

2.5.3. Talent places methylcellulose tubes into centrifuge and starts spin at max speed

2.6. In the meantime, using a marker, mark 12 – 15 predetermined spots on the bottom side of a 100 mm agarose-coated Petri dish [2.6.1-CU/ECU].
2.6.1. Film as written

2.7. Then, after centrifugation, using the clear upper fraction of the methylcellulose [2.7.1-ECU], transfer 1 – 1.5 cm diameter drops onto the marked spots in the dish [2.7.2-CU-TXT]. 
Shoot notes said script change here, but authors never responded.
2.7.1. Talent holds up tube to show upper fraction versus lower fraction, Editor, point out the upper, clear fraction in the tube

2.7.2. [split into two steps] Film as written (TEXT:  avoid drawing up pellet crystals from bottom of tube)

2.8. Next, prepare one 40 ml aliquot of high calcium ringer, or HCR solution per agarose-coated dish just prepared [2.8.1-CU].  To each aliquot, add antibiotics as listed here [2.8.2-CU-TXT].
2.8.1. Talent aliquots 40 ml of HCR into tubes

2.8.2. Talent adds antibiotics to each tube (TEXT: 50 U/mL Pen-strep; 50 U/mL Amp, 0.5 (g/mL Kan)

3. Generation of Parabiotic Zebrafish Embryos by Surgical Fusion of Developing Blastulae
3.1. When ready to perform blastula fusions, use the aliquots of HCR with antibiotics to carefully fill each dish containing the methylcellulose droplets, taking care to not disrupt the droplets [3.1.1-CU].
3.1.1. Talent uses an aliquot of HCR to carefully fill a dish containing droplets

3.2. Attach a modified glass Pasteur pipette, prepared earlier, to a 10 ml pipette pump [3.2.1-CU].  Then under a stereoscope [3.2.2-MED], collect one dechorionated embryo from each background [3.2.3-SCOPE/SCREEN].  

3.2.1. Film as written

3.2.2. Talent sitting at microscope looking through oculars collecting embryos

3.2.3. Talent draws up one embryo into the pipette, then switches plates and draws up the other embryo 
3.2.4. [added] CU embryos settled in the bend of pipette
3.3. Before dispensing the two embryos, use the Pasteur pipette to make a small depression in the middle of the methylcellulose drop [3.3.1-SCOPE/SCREEN].  Then deposit the two embryos into the depression [3.3.2-SCOPE/SCREEN].

3.3.1. Talent uses pipette to make depression in drop

3.3.2. [combined with 3.3.1] Film as written

3.4. Now, using a teasing needle with a gel loading tip on the end [3.4.1-CU/ECU], use gentle sweeping motions without directly touching the embryos to carefully reposition the embryos within the methyl cellulose such that their animal poles are directly touching one another [3.4.2-SCOPE/SCREEN].
3.4.1. Talent picks up teasing needle with tip on end

3.4.2. Talent uses gentle sweeping motions to orient embryos with animal poles touching one another

3.5. Taylor Patch: For step 3.4:  Properly orienting the developing embryos dictates how the embryos will fuse and develop. For head-to-head fusion ensure each fusion is aligned at their animal poles [3.5.1-INTERVIEW].
3.5.1. Talent recites the above statement while looking off camera

3.6. Allow the embryos to sit for 5 minutes for the methylcellulose to settle in around them [3.6.1-SCOPE/SCREEN].  During this time, load the next pair into another drop [3.6.2-SCOPE/ECU/SCREEN].
3.6.1. Shot of embryos settling into drop Provided by lab
3.6.2. Talent setting up another pair of embryos; Videographer, see if an ECU will work here for something different 

3.7. To perform the surgery, using the glass needle tool [3.7.1-CU], carefully wound each embryo at their point of contact [3.7.2-SCOPE/SCREEN].  Then with a gentle sewing motion, pull cells from the first embryo into the second embryo and back again [3.7.3-SCOPE/SCREEN]. 

3.7.1. Talent picks up glass needle tool for camera

3.7.2. Film as written

3.7.3. Talent sews cells from first embryo into second embryo and back again Provided by lab
3.8. At the end of the motion, hold the needle in place for 2 – 3 seconds before very slowly drawing it away [3.8.1-SCOPE/SCREEN-TXT].
3.8.1. Needle shown held in place and then talent slowly pulls it away (TEXT: refer to text protocol for additional details) Provided by lab
3.9. Brian Li, step 2.14: Precision with the glass needle is critical to ensuring the embryos are properly stitched together. Care must be used to not damage the yolk sacs while maintaining enough connection for successful fusion [3.9.1-INTERVIEW].
3.9.1. Talent recites the above statement looking off camera

3.10. Allow the embryos to sit for 10 – 15 minutes at room temperature [3.10.1-CU].  In the meantime, stitch additional pairs of embryos [3.10.2-SCOPE/SCREEN].  After the incubation, assess whether the embryos have remained attached, and repeat the wounding step if needed [3.10.3-LM].
3.10.1. Talent moves dish with fused embryos aside to incubate

3.10.2. Talent stitches another set of embryos Provided by lab
3.10.3. LAB MEDIA Figure 2A

3.11. Incubate the embryos in the same dish and medium at 28.5(C overnight [3.11.1-WIDE].  By the following morning, the embryos will have moved out of the mostly dissolved methylcellulose [3.11.2-SCOPE/SCREEN].  Remove any embryos that have not successfully fused [3.11.3-SCOPE/SCREEN].  Then decant the medium and use 25 ml of E3 to replace it [3.11.4-CU].

3.11.1. Talent places dish of fused embryos into incubator

3.11.2. Shot of sets of fused embryos that have moved out of the drops Provided by lab
3.11.3. Talent removes a set of unfused embryos from dish Provided by lab
3.11.4. Film as written 

4. Image Acquisition, Processing, and Analysis 

4.1. To acquire images of the fused embryos, prepare 0.8% low melting point agarose [4.1.1-MED/CU-TXT].  While still hot, aliquot 1 ml of the agarose into 1.5 ml microfuge tubes set in a 37(C heating block [4.1.2-CU].
4.1.1. Talent removes agarose from microwave and holds for camera (TEXT: dissolve 0.8g LMP agarose in 100 mL E3)

4.1.2. Talent pipettes hot agarose into tubes in heating block
4.2. Anesthetize the parabiotic embryos by adding 1 ml of 4 mg/ml, pH 7.0 Tricaine to the 25 ml of E3 medium containing the embryos [4.2.1-CU].

4.2.1. Talent adds 1 ml of Tricaine to embryos
4.3. Gently swirl the dish so that the embryos pool in the middle [4.3.1-ECU].  Then, using a wide-tipped plastic transfer pipet, draw up the embryos in as little liquid as possible [4.3.2-SCOPE/SCREEN/ECU].  

4.3.1. Film as written

4.3.2. Talent draws up embryos

4.4. Next, turn the pipette upright and gently bounce the embryos so that they settle to the very bottom of the pipette [4.4.1-ECU].  Then transfer the embryos to a 1 ml aliquot of low melting point agarose by lightly touching the pipette tip on the surface of the agarose [4.4.2-ECU-TXT].
4.4.1. Film as written 

4.4.2. Film as written (TEXT: avoid transferring excess liquid)
4.5. Dispose of any excess liquid from the pipette [4.5.1-CU/ECU], and use the pipette to gently mix the embryos in the agarose [4.5.2-ECU].  Then with the pipette, transfer the agarose and embryos to the well of a glass-bottom 6-well plate [4.5.3-ECU].
4.5.1. Talent aspirates excess liquid from pipette

4.5.2. Film as written

4.5.3. Film as written

4.6. Under a stereoscope [4.6.1-MED], use a gel-loading tip fixed to the end of a teasing needle to position the embryos close to the cover glass and in the desired orientation for imaging [4.6.2-SCOPE/SCREEN].
4.6.1. Talent sitting at microscope

4.6.2. Talent orients embryos close to cover glass We do
4.7. After the agarose has set, and medium with Tricaine has been added to the wells [4.7.1-CU], use an inverted wide-field epifluorescence, laser-scanning confocal, or spinning disk confocal microscope to acquire images [4.7.2-MED OVER SHOULDER].
4.7.1. Talent finishes adding medium with tricaine to wells

4.7.2. Talent at microscope taking images  

4.8. For a whole embryo field of view, use a 4x objective [4.8.1-LM].  Use a 20x objective to image a specific tissue.  Process the images according to the text protocol [4.8.2-LM]. 

4.8.1. LAB MEDIA Figure 3D

4.8.2. LAB MEDIA Figure 4A, Editor, place this image next to 4.8.1 when 20X is mentioned

5. Results: Parabiotic Fusion of Zebrafish Embryos 
5.1. As shown here, after orienting two blastulas with their animal poles facing one another [5.1.1-LM], the embryos were carefully wounded at their point of contact [5.1.2-LM].

5.1.1. LAB MEDIA Figure 2A, Editor, for ‘with their animal poles facing one another,’ point out the two grayish regions for each egg that are almost touching.

5.1.2. LAB MEDIA Figure 2B, Editor, for the wounds, point out the spot where the two eggs are touching.

5.2. A greater degree of wounding increased the likelihood of the embryos maintaining a connection  that resulted in a successful fusion [5.2.1-LM], without additional morphological defects or delayed development [5.2.2-LM].
5.2.1. LAB MEDIA Figure 2B and C, Editor, point out C versus B to indicate the greater degree of wounding.

5.2.2. LAB MEDIA Figure 3A-C, Editor, for ‘a successful fusion…’ point out the center, fused area in B and then C.

5.3. As demonstrated in this figure, by orienting the two blastula with their animal poles directly aligned, reliable head-to-head or yolk-sac to yolk-sac fusions were generated with shared circulation.  In most instances, the embryos had two hearts pumping a shared common circulation [5.3.1-LM].
5.3.1. LAB MEDIA Figure 3D, Editor, for ‘yolk sac to yolk sac,’ point out the central line where the round yolks are fused. 

5.4. To confirm that the embryos indeed shared their circulation, fused transgenic embryos that had GFP+ erythrocytes were fused to embryos that had mCherry+ vascular endothelial cells [5.4.1-LM].  As seen in this movie, by 48 hpf, GFP+ erythrocytes were observed circulating through the flk1:HRAS-mCherry partner embryo [5.4.2-LM].

5.4.1. LAB MEDIA Figure 4A, Editor, for GFP+ erythrocytes, point out the green in the bottom embryo in Figure 4A and for mCherry vascular endothelial cells, point out the red in the top embryo.  

5.4.2. LAB MEDIA Movie 1, Editor, point out the green dots circulating through the red tube at the top right of the movie and in the center structure to the left of the tube.

5.5. Finally, to investigate temporal control of gene expression, one of the two embryos was injected with an hsp70:eGFP cDNA construct. After a brief 30-minute heat shock at 37(C, a clear GFP signal was established in one of the embryos, and in some cases, GFP+ cells were seen circulating in the uninjected partner embryo [4.5.1-LM].
5.5.1. LAB MEDIA Figure 4B, Editor, point out the left hand embryo as the embryo that has been injected and the green signal for ‘a clear GFP signal was established.’

6. Conclusion (said by authors on camera)
6.1. Caitlyn Curley: Once mastered, this technique can be done in five hours if it is performed properly.

6.2. Brad Blaser: While attempting this procedure, it’s important to remember to be careful when stitching the two blastulas together, and to revisit fusions if the surgery was not successful on the first attempt.

6.3. Elliott Hagedorn: Following this procedure, other methods like live cell imaging can be performed in order to answer additional questions like whether mutant HSCs function normally in a wild-type niche or conversely whether wild-type HSCs function normally in a mutant niche.
6.4. Taylor Patch: This technique provides a powerful method for researchers in the field of hematology to study the regulation of blood development in zebrafish.
6.5. Jennifer Cillis: Don't forget that working with tricaine can be hazardous and precautions such as wearing appropriate safety attire should always be taken while performing this procedure.   
6.6. Dhvanit Shah: After watching this video and following our recommended techniques we hope that you will be able to generate parabiotic zebrafish embryos with greater success. 

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.

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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