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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? YES
Can you record movies/images using your own microscope camera? (Y/N) NO. We are using Zeiss stemi 508 and Olympus SZX2-ILLT for dissection and microinjection.
If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope.

2. Does your protocol include software usage? YES 
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.

3. Which steps from the protocol section below are the most important for viewers to see? Please list 4-6 individual steps using the step numbers listed in this document. This information is important to prepare your Videographer for your shoot. (You do not need to include steps that will be screen captured. Please do not list entire sections.)
The most important steps for viewers to see are:
2.1. Injection of constructs
2.2. Fix embryos
2.10.; 2.11. Do sequential staining and imaging for double stained fish
3.2. Fish mounting
4. 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.)
The most difficult aspect of this procedure is Step 3.2. To ensure success, we will use a special tip (20μL micro-loader; Eppendorf) to mount the fish.
5. Will the filming need to take place in multiple locations? NO
If yes, how far apart are the locations? 





Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee. 

Authors, these headshots will be used for the JoVE Dedicated Author Webpage. Here is one example if you wish to take a look.


1. REQUIRED Interview Statements: (Said by you on camera)  - All interview statements may be edited for length and clarity.

1.1. [bookmark: _Hlk12478058]Yunyun Jiang: The protocol described here allows us to investigate the function of a chemokine on the behavior of macrophage in vivo.

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.


1.2. Yunyun Jiang: Most of the existing experimental models of cell chemotaxis are based on in vitro cell experiments, but the in vitro experiments sometimes are too simple to model the complex environment in vivo. Also, they may not represent the chemo-attraction ability in vivo. This method utilized the specific advantages of zebrafish for direct cell behavior observation, which is difficult for mice.

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.




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

1.3. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) or equivalent body at South China University of Technology.


Section - Protocol
2. Fluorescent Whole Mount In Situ Hybridization (WISH) Combined with Immunostaining
2.1. Start by generating Tg(fabp10a:il34) transgenic constructs [1]. Inject the fabp10a-il34 (pronounce ‘f-a-b-p-ten-a-interleukin thirty-four’) constructs into one-cell stage Tg(mpeg:GFP) (pronounce ‘m-p-e-g-one-G-F-P transgenic’) and wild type fish embryos together with the transposase mRNA [2]. Videographer: This step is important! 
2.1.1. WIDE: Establishing shot of talent at the lab bench preparing to inject the embryos. 
2.1.2. SCOPE: Talent injecting the constructs into the embryos.
2.2. Raise and collect the embryos according to manuscript instructions, then fix them with 4% paraformaldehyde [1] overnight at 4 C or for 2 hours at room temperature [2]. After fixation, wash the embryos with PBST 3 times for 5 minutes per wash [3]. Videographer: This step is important!
2.2.1. Talent adding paraformaldehyde to embryos.
2.2.2. Talent putting embryos into 4 C fridge.
2.2.3. Talent washing embryos with PBST. Videographer: Obtain multiple reusable takes of this shot because it will be reused. 
2.3. Dehydrate the embryos separately with 50% methanol in PBST [1-TXT] followed by 100% methanol [2-TXT], then change to fresh 100% methanol [3] and store them at -20 C for at least 2 hours [4]. 
2.3.1. Talent putting embryos in 50% methanol. TEXT: 5 minutes Videographer: Obtain multiple reusable takes of this shot because it will be reused. 
2.3.2. Talent putting embryos in 100% methanol. TEXT: 5 minutes Videographer: Obtain multiple reusable takes of this shot because it will be reused. 
2.3.3. Talent putting embryos in fresh methanol. 
2.3.4. Talent putting embryos in the -20 C freezer.

2.4. When ready for probe hybridization, rehydrate the embryos separately in 50% methanol in PBST [1] followed by 100% methanol [2]. Then, wash them with PBST 3 times for 5 minutes per wash [3].

2.4.1. Use 2.3.1.
2.4.2. Use 2.3.2. 
2.4.3. Use 2.2.3.
2.5. Digest the embryos with proteinase K in PBST at room temperature [1-TXT], then discard the digestion solution and repeat fixation with 4% paraformaldehyde for 20 minutes at room temperature [2]. After fixation, wash the embryos twice with PBST for 10 minutes per wash [3].
2.5.1. Talent adding proteinase K in PBST to embryos. TEXT: 10 μg per mL Proteinase K 
2.5.2. Talent discarding digestion solution and adding paraformaldehyde to embryos.
2.5.3. Use 2.2.3.

2.6. Perform pre-hybridization with heated hybridization buffer at 65 C for at least 1 hour [1]. Then, pre-heat the il34 probe to 65 C for 10 minutes [2], recycle the hybridization buffer into the original tube [3], and perform hybridization with the pre-heated probe at 65 C overnight [4].  

2.6.1. Talent setting up pre-hybridization. 
2.6.2. Talent pre-heating the probe. 
2.6.3. Talent recycling the buffer. 
2.6.4. Talent putting hybridization reaction into the incubator.

2.7. On the next day, wash the embryos with 50% formamide and 2 x SSCT, followed by 2 × SSCT and then 0.2 × SSCT at 65 C. Repeat each wash 3 times with 20 minutes per wash [1]. Then, wash the embryos 3 times with PBST for 5 minutes per wash [2]. 

2.7.1. Talent performing the SSCT washes. 
2.7.2. Use 2.2.3.

2.8. Block the samples with 600 microliters of blocking buffer for 1 hour at room temperature [1-TXT], then add 400 microliters of Anti-digoxigenin-HRP antibody solution [2] and incubate the embryos at 4 C overnight [3]. 

2.8.1. Talent adding blocking buffer to samples and leaving them at room temperature. TEXT: Blocking Buffer: 5% filtered FBS in PBST
2.8.2. Talent adding Anti-digoxigenin-HRP antibody solution to samples.
2.8.3. Talent putting samples in the 4 C fridge. Videographer: Obtain multiple reusable takes because this shot will be reused. 

2.9. On the next day, remove the antibody and wash the embryos 6 times with PBST for 20 minutes per wash [1]. After the last wash, rinse each sample with 30 microliters of 1 X Plus Amplification Diluent for 5 minutes [2]. 

2.9.1. Use 2.2.3. 
2.9.2. Talent rinsing a sample with amplification diluent.

2.10. Incubate the samples in the Fluorophore Tyramine Working Solution for 5 to 15 minutes in the dark [1], extending the incubation time to 30 minutes if signals are weak [2]. Then, wash the embryos with PBST 3 times for 10 minutes per wash [3] and incubate them with the primary antibody at 4 C overnight [4]. Videographer: This step is important!

2.10.1. Talent adding fluorophore to a sample. 
2.10.2. Talent putting the sample to incubate in the dark.
2.10.3. Use 2.2.3. 
2.10.4. Use 2.8.3. 

2.11. On the next day, wash the embryos 4 times with PBST for 30 minutes per wash [1] and incubate them with the secondary antibodies at 4 C overnight [2]. On the next day, wash the embryos 3 times in PBST for 10 minutes per wash and store them in 70% glycerol [3] in the dark at 4 C overnight or -20 C for longer [4-TXT]. Videographer: This step is important! 

2.11.1. Use 2.2.3.
2.11.2. Use 2.8.3.
2.11.3. Talent adding glycerol to embryos.
2.11.4. Use 2.8.3. TEXT: Image after 10 hours in glycerin 
3. Live Imaging
3.1. Prior to imaging, use a fluorescence microscope to select the DsRed and GFP double positive embryos [1]. To mount the fish, use a metal bath to heat 1 milliliter of 1% low melting agarose to above 90 C [2], then cool it to body temperature and mix in 50 microliters of 0.2% tricaine [3]. 
3.1.1. Talent at the microscope. 
3.1.2. Agarose heating on a metal bath. 
3.1.3. Talent mixing tricaine into agarose.
3.2. Transfer the anesthetized embryos to a small dish mounted with a cover slide on the bottom [1], remove the surrounding water [2], and slowly drop the low-melting agarose on the embryos [3]. Carefully set the position of the fish before the agarose has solidified, keeping the liver area close to the cover slide [4]. Videographer: This step is important and difficult!
3.2.1. SCOPE: Talent transferring the embryos to the small dish. 
3.2.2. SCOPE: Talent removing surrounding water. 
3.2.3. SCOPE: Talent dropping the agarose on the embryos.
3.2.4. SCOPE: Talent putting the fish in the correct position.

3.3. Once the agarose has solidified, carefully cover it with another layer of agarose to reinforce it [1]. Place the dish on the confocal microscope carrier table, cover the fish with the E2 solution with tricaine [2], and start imaging [3]. 

3.3.1. Talent adding another layer of agarose. 
3.3.2. Talent putting dish on microscope and covering the fish with the E2 solution. 
3.3.3. Talent at the microscope beginning to image.
3.4. To operate the confocal microscope, open the ZEN black 2.3 software and click ‘Locate’, then ‘Incubation’, and then set the temperature to 29 C [2]. NOTE: Authors are responsible for uploading all SCREEN shots. 
3.4.1. [bookmark: _GoBack]Talent opening microscope software and installing the living cell workbench. Videographer: film screen as talent performs this step.
3.4.2. SCREEN: ‘Locate’ clicked, ‘Incubation’ clicked, temperature set. 

3.5. Click the ‘Acquisition’ menu and select the required scan mode and lasers in the ‘Smart Setup’ menu, then select ‘Z-stack’ and ‘position’ [1].

3.5.1. SCREEN: ‘Acquisition’ clicked, scan mode and lasers selected in ‘Smart Setup’, Z-stack and position selected. 

3.6. Click on the ‘Experimental Designer’ menu and select ‘Enable Multi Block Experiment’ in the first block to find the sample under the low magnification. Then, switch to the high magnification and let the observed area in the center of the visual field [1]. 

3.6.1. SCREEN: ‘Experimental Designer’ menu clicked, ‘Enable Multi Block Experiment’ selected, sample found, magnification switched to high.  

3.7. Set the position and Z-Stack information [1], then select the appropriate laser intensity, scanning layers, and imaging speed [2]. Once all blocks are set up, set the appropriate number of loops and start recording [3]. 

3.7.1. SCREEN: Position and Z-stack information set, appropriate intensity, scanning layers, and imaging speed selected, appropriate number of loops set, recording started.




Section – Results
4. Results: Fluorescent WISH and Live Imaging 
4.1. This protocol was used to inject a liver-specific IL-34 (pronounce ‘interleukin thirty-four’) overexpression plasmid into transgenic fish embryos whose macrophages were labeled with GFP. Whole mount fluorescence in situ hybridization and immunostaining were used to analyze the expression of il34 and the GFP-labeled macrophages [1]. 
4.1.1. Figure 3 A and C. Video Editor: Emphasize the red areas in Images A and C when VO says ‘il34’ and some of the green areas when VO says ‘GFP-labeled macrophages’. 

4.2. Macrophage cell numbers were quantitatively analyzed in un-injected and construct injected embryos’ liver and tail region [1]. 

4.2.1. Figure 3 B. 
4.3. Live imaging was used to directly observe macrophages, labeled green, passing by the liver of a control fish [1] and migrating into the liver of an IL-34 overexpressing fish [2].
4.3.1. Supplementary Movie 2. 
4.3.2. Supplementary Movie 1. 





Section - Conclusion
5. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.

5.1. Jiahao Chen: The most important steps of this protocol include: the selection of a suitable transgenic line to label the cell of interest; an appropriate tissue for imaging; the overexpression of transgenic gene; as well as an appropriate observation time window.

5.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
5.2. Jiahao Chen: This technique could be applied to study the function of other chemokines on the behavior of other cells such as T cells and neutrophils in vivo.

5.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
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