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A.  Will you require JoVE to record video microscopy? N 
B.   Does your protocol include descriptions of software usage? N
C.  Which steps of your protocol will viewers benefit most from having filmed? 2.8.-2.14., 3.1.-3.3.,3.7.-3.9.

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  

E.  Will the filming need to take place in multiple locations? Y, two adjacent buildings 
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 experiment is to isolate single cells from early stage zebrafish embryos for their capture in a microfluidic based single cell multiplex system to assess the gene expression of individual cells. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.1. Nicole Fleming: This method can help answer key questions in the developmental biology field, such as what transcriptional changes do cells undergo during specification and differentiation? 

1.2. Nicole Fleming: The main advantage of this technique is that it is an unbiased approach for revealing the heterogeneity that is masked in conventional, population-based techniques. 
C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.3. Leigh Ann Samsa: Generally, individuals new to this method will struggle, because generating the viable preparations of single cells is technically challenging but essential for downstream analysis. 
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)
1.4. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) at the University of North Carolina, Chapel Hill.
Protocol (read by voice talent at JoVE):

2. Staged embryo acquisition and single cell dissociation 

2.1. After breeding adult wild type and transgenic zebrafish [2.1.1.-WIDE], collect embryos at 15 minute intervals according to facility- and institution-approved standard operating procedures [2.1.2.-MED].
2.1.1. Few seconds Talent removing divider from tank
2.1.2. Few seconds Talent collecting embryos
2.2. At least 2 hours later, transfer 100-300 fertilized embryos from a single time point into a new petri dish containing fresh Egg Water [2.2.1.-MED] and use fine forceps to manually remove the chorion from each embryo [2.2.2.-SCOPE/CU].
2.2.1. Few seconds Talent adding embryos to petri dish
2.2.2. Few seconds chorion being removed from at least one embryo
2.3. Next, use a wide bore glass pipette to transfer the embryos into a 2 ml microcentrifuge tube in a minimum volume of Egg Water [2.3.1.-CU].
2.3.1. Few seconds at least one embryo being aspirated  

2.4. When all of the embryos have been transferred, replace the water with 1 ml of ice cold egg water [2.4.1.-CU] and submerge the tube in ice for 20 minutes [2.4.2.-CU].
2.4.1. Few seconds ice cold egg water being added to tube

2.4.2. Tube being submerged in ice 

2.5. After the euthanization, use a wide bore glass pipette to remove the supernatant [2.5.1.-CU] and a P1000 pipette to add fresh egg water to the embryos two times [2.5.2.-CU].
2.5.1. Few seconds egg water being removed
2.5.2. Few seconds egg water being added
2.6. After the second wash, replace the egg water with 1 ml of de-yolking buffer [2.6.1.-MED] and use a P1000 pipette to triturate the embryos 8-12 times [2.6.2.-MED] until the yolk is dissolved and only the bodies of the embryos are visible [2.6.3.-CU].
2.6.1. Few seconds Talent adding embryo water to tube, with de-yolking buffer visible in frame

2.6.2. Few seconds Talent triturating embryos

2.6.3. Shot of dissolved yolk/embryo bodies only 

2.7. Collect the tissue by centrifugation [2.7.1.-MED-TXT]. Then, use a pipette to gently remove the supernatant without disrupting the tissue pellet [2.7.2.-CU] and resuspend the cells in 1 ml of fresh Egg Water [2.7.3.-CU]. 

2.7.1. Talent placing tube(s) into centrifuge (TEXT: 1 min, 300 x g, 4-25°C)

2.7.2. Shot of pellet if visible, then few seconds supernatant being removed 

2.7.3. Few seconds cells being resuspended, with egg water container visible in frame

2.8. After washing the embryos two more times [2.8.1.-MED], resuspend the pellet in 1 ml of room temperature Cell Dissociation Reagent 1 [2.8.2.-CU].

2.8.1. Talent adding tube(s) to centrifuge bucket

2.8.2. Shot of pellet if visible, then few seconds cell being resuspended, with dissociation reagent container label visible in frame

2.9. Then place the tube on its side for a 10 minute incubation at room temperature [2.9.1.-MED] with gentle trituration every 2-3 minutes to prevent clumping [2.9.2.-MED-TXT].

2.9.1. Talent placing tube on side

2.9.2. Few seconds Talent triturating cells (TEXT: Do not vortex)
2.10. At the end of the incubation, spin down the cells again [2.10.1.-CU-TXT] and resuspend the pellet in 1 ml of Cell Dissociation Reagent 2 [2.10.2.-CU].

2.10.1. Tube(s) being placed into centrifuge (TEXT: 3 min, 300 x g, 4-25°C)
2.10.2. Shot of pellet if visible, then few seconds cell being resuspended, with dissociation reagent container label visible in frame

2.11. Incubate the cells horizontally at room temperature for another 5-15 minutes [2.11.1.-CU] with gentle trituration every 2-3 minutes [2.11.2.-CU].

2.11.1. Tube being placed on side

2.11.2. Few seconds cells being triturated
2.12. Every 5 minutes, dilute 2 microliters of supernatant in 18 microliters of FACS buffer [2.12.1.-MED] and dispense the cells as a droplet onto a cell culture dish [2.12.2.-CU].

2.12.1. Few seconds Talent adding 2 microliters to supernatant to FACS buffer

2.12.2. Drop being dispensed onto dish

2.13. Place a coverslip over the sample [2.13.1.-CU] and use a tissue culture microscope to assess the digestion progression at 10- and 20X magnifications [2.13.2.- MED].

2.13.1. Few seconds coverslip being placed

2.13.2. Talent at microscope, select objective and then looks at droplet (Video Editor: only as much action as required for narration)

2.14. When the preparation appears to be a mix of primarily single cells with some small and large cell clusters and a few mostly-intact embryo bodies [2.14.1.-SCOPE/LM], spin down the cells [2.14.2.-MED-TXT] and resuspend the pellet in 1 ml of cold FACS buffer [2.14.3.-CU].

2.14.1. Shot of single cells w/ small and large clusters and a few intact embryo bodies OR *To be provided by Authors
2.14.2. Talent placing tube(s) into centrifuge (TEXT: 5 min, 300 x g, 4-25°C)

2.14.3. Shot of pellet if visible, then few seconds cell being resuspended, with FACS buffer container label visible in frame

2.15. Next, wet a 40 micron cell strainer with FACS buffer [2.15.1.-MED] and filter the cells through the strainer into a 35 mm cell culture dish [2.15.2.-MED].

2.15.1. Few seconds Talent moistening strainer, with FACS buffer container visible in frame

2.15.2. Few seconds cells being filtered through strainer

2.16. Rinse the cell strainer one time with 1 ml of fresh FACS sorting buffer [2.16.1.-CU] and transfer the flow through into a 2 ml microcentrifuge tube [2.16.2.-CU].
2.16.1. Few seconds cell strainer being washed, with FACS sorting buffer visible in frame

2.16.2. Few seconds flow through being added to tube 
2.17. After spinning down the cells again [2.17.1.-MED], resuspend the pellet in 100 microliters of FACS buffer [2.17.2.-CU] and count the number of viable cells by Trypan blue exclusion [2.17.3.-MED]. 
2.17.1. Talent placing tube(s) into centrifuge
2.17.2. Shot of pellet if visible, then few seconds cells being resuspended in FACS buffer, with buffer container visible in frame
2.17.3. Few seconds Talent at microscope, counting cells
2.18. Next, dilute the sample to 5x106 cells/ml [2.18.1.-MED] and reserve 10-20% of the cells for the unstained control [2.18.2.-MED].
2.18.1. Few seconds Talent diluting the cells
2.18.2. Talent adding aliquot to unstained control tube(s)
2.19. Stain the rest of the cells with a fluorescent live-dead discrimination dye [2.19.1.-MED-TXT].
2.19.1. Talent adding live-dead dye to cells, with live dead dye visible in frame (TEXT: DO NOT wash after L/D staining)
2.20. Then wet a 35 micron cell strainer-capped FACS tube with 20 microliters of FACS buffer [2.20.1.-CU] and add the cells to the strainer, collecting them by gravity [2.20.2.-CU-TXT].

2.20.1. Few seconds strainer being moistened

2.20.2. Few seconds cells being added to strainer/dripping through strainer (TEXT: Store on ice until sorting)

3. Microfluidic chip cell loading

3.1. Using the illustrated gating strategy, sort the single, live cells expressing the fluorescent marker [3.1.1.-WIDE-TXT], verifying the gating with the double-labeled cells [3.1.2.-LM].

3.1.1. Talent loading tube onto flow cytometer (TEXT: Low sorting pressures to avoid damage/viability reduction)
3.1.2. Fig. 1C-F.psd: please outline/indicate bottom gates in (green gate) 3rd and (red/orange gate) 4th dot plots
3.2. Sort 2000-4000 cells from the population of interest into 5 microliters of cold FACS Buffer in a microcentrifuge tube on ice [3.2.1.-CU].

3.2.1. Few seconds cells being collected in tube

3.3. Then transfer 1 microliter of the sorted cells into a new FACS tube with 100 microliters of FACS sorting buffer [3.3.1.-MED] and a 1:1000 dilution of live-dead stain [3.3.2.-MED] and run the cell sample using the sorting gates to assess the post-sort viability [3.3.3-LM].
3.3.1. Talent adding cells to tube

3.3.2. Talent adding L/D dye to tube

3.3.3. Fig 1I.ai: please outline/indicate green gate
3.4. Next, load 1 microliter of cells diluted in 9 microliters of FACS buffer onto a hemocytometer to determine the cell concentration and average diameter [3.4.1.-CU].

3.4.1. Cells being added to hemocytometer 

3.5. Then dilute 1 microliter of the sorted cells to 1x106 cells/ml [3.5.1.-MED] and perform a buoyancy optimization as per the manufacturer’s instructions [3.5.2.-MED-TXT].

3.5.1. Few seconds Talent diluting cells

3.5.2. Few seconds representative shot of Talent performing buoyancy optimization (TEXT: Perform buoyancy optimization in pilot studies)

3.6. Now select an integrated microfluidic circuit, or IFC (Pronounce: I-F-C), chip of the appropriate size for the average cell ​diameter of the sample [3.6.1.-MED] and prime the fluidics according to manufacturer’s instructions [3.6.2.-MED].

3.6.1. Few seconds Talent selecting IFC chip (e.g., picking up chip or similar) 

3.6.2. Few seconds Talent priming fluidics

3.7. Load the cells onto the plate according to the manufacturer’s instructions [3.7.1.- CU] and load the plate into a compatible fluidics machine [3.7.2.-CU].

3.7.1. Few seconds cells being loaded onto plate

3.7.2. Few seconds plate being loaded onto machine

3.8. Then run an appropriate cell loading script for the IFC chip to push the cells into the capture lanes [3.8.1.-MED-over the shoulder].
3.8.1. Talent at computer, loading script for IFC chip, with monitor visible in frame 
3.9. To confirm that the cells are lodged in the capture sites, mount the plate on a microscope equipped with a plate adaptor [3.9.1.-MED] and obtain bright field [3.9.2.-SCREEN] and fluorescence images of each capture site at a 10X magnification [3.9.3.-SCREEN/MED-TXT].

3.9.1. Few seconds Talent loading plate onto plate adaptor

3.9.2. *To be provided by Authors (OR skip if no image)

3.9.3. *To be provided by Authors OR Few seconds Talent at microscope, obtaining at least one image (TEXT: Caution: Avoid overexposure)

3.10. The cells can then be processed [3.10.1.-MED-TXT] for downstream assessment of their target gene expression by qRT-PCR [3.10.1.-LM].
3.10.1. Talent initiating cell lysis or similar representative shot (TEXT: i.e., lyse, reverse transcribe, and pre-amplify single targets according to manufacturer’s instructions)

3.10.2. JOVE Figure 3.jpg

4. Results: Representative single zebrafish nkx2.5:ZsY positive cell analysis
4.1. At the 18 somite stage, fluorescence microscopy can be used to verify the ZsYellow (Pronounce: Z-S-yellow) expression of the embryos [4.1.2.-LM]. 
4.1.1. Fig. 1A-B.ai: no animation

4.2. After sorting, cells with a range of diameters are obtained [4.2.1.-LM].
4.2.1. Fig. 2B.psd: add data bars OR draw/add bell curve over top of data bars
4.3. The IFC plate can be used to capture cells with the diameter of interest, for example in this experiment, cells 5-10 micrometers in diameter [4.3.1.-LM].

4.3.1. Fig. 2C-F.ai: please indicate purple squares/cells inside purple squares

4.4. As expected, the sorted and captured cells from 18 hour post fertilization embryos express the ZsYellow fluorescent marker [4.4.1.-LM]. 
4.4.1. Authors: please provide Figure 2G as its own .ai, .tif or .psd file without the “G” labe​l: please indicate right image/green cell in right image
4.5. Here qRT-PCR was used to assess the relative gene expression of specific genes of interest [4.5.1.-LM] in 40 single cells from cell capture sites on an IFC plate [4.5.2.-LM].
4.5.1. JOVE Figure 3.jpg: please highlight/indicate top row of gene names

4.5.2. JOVE Figure 3.jpg: please highlight/indicate Cell-# data cells in first column on left of figure

4.6. Since the range of cycle threshold values for the housekeeping gene was too broad for comparing gene expression between samples [4.6.1.-LM] and many cycle threshold values exceeded 30 [4.6.2.-LM], the values were visualized as a heat map [4.6.3.-LM].
4.6.1. JOVE Figure 3.jpg: please highlight/indicate ef1a data column

4.6.2. JOVE Figure 3.jpg: please highlight/indicate light, medium and dark blue data cells

4.6.3. JOVE Figure 3.jpg: please highlight/indicate KEY CT range legend on right of figure

4.7. Comparing across samples, a substantial heterogeneity in gene expression was observed in this experiment, with cells classified as Types 1-5 based on their gene expression pattern [4.7.1.-LM].
4.7.1. JOVE Figure 3.jpg: please sequentially indicate sets of data from Type 1 to Type 5
5. Conclusion (said by authors on camera)
5.1. Leigh Ann Samsa: Once mastered, processing the whole embryo samples into single, lysed cells on an integrated microfluidic chip can be completed in 6 hours if the steps are performed properly.

5.2. Leigh Ann Samsa: While attempting this procedure, it’s important to remember to make sure that only single cells are captured in the microfluidic chips.
5.3. Nicole Fleming: Following this procedure, other methods, like high throughput single cell sequencing, can be performed to fully characterize the transcriptomes of single cells.
5.4. Nicole Fleming: After its development, this technique paved the way for researchers in the field of developmental biology for exploring cellular heterogeneity in early developing embryos.
5.5. Nicole Fleming: After watching this video, you should have a good understanding of how to isolate single cells from zebrafish embryos, capture single cells in a microfluidic based single cell multiplex system and assess the gene expression of individual cells.
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.  

Fig. 1C-F.psd
Fig. 1I.ai

Fig. 1A-B.ai

Fig. 2B.psd
Fig. 2C-F.ai

Authors: please provide Figure 2G as its own .ai, .tif or .psd file without the “G” label see 53877_LM_2.14.1.ai
JOVE Figure 3.jpg 

53877_LM_2.14.1.ai

53877_LM_3.9.2.tif

53877_LM_4.4.1.tif
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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