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A. Microscopy: Does your protocol involve video microscopy? N
B. Does your protocol include software usage? Y
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? 
2.11.-2.14. Authors: You do not need to include steps that will be screen captured
D. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
n/a
E. Will the filming need to take place in multiple locations? N
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 procedure is to use flow cytometry imaging analysis to functionally confirm transcriptomic outcomes in response to pollutant exposure. (Intro)
B. Required Interview Statements: (Said by you on camera. Don’t forget to smile!) 
1.1. Shouxiong Huang: This method integrates next generation sequencing and flow cytometry imaging analyses. It can help answer interesting questions, like whether phenotypic alterations are implicated in cellular transcriptome in pollutant exposure.
1.2. Shouxiong Huang: The main advantage of this simple method for our study is that we can measure the co-localization of biologically-important proteins, to interpret the outcomes of key differential gene expression at a functional level.   

C. Optional Interview Statements: (Said by you on camera. Don’t forget to smile!) 
1.3. Xiang Zhang: The implications of this technique extend toward the diagnosis of pathological and toxicological outcomes, as this novel imaging approach facilitates the ability to connect gene expression to protein function. 
1.4. Xiang Zhang: Generally, individuals new to this method will struggle because of the high technical demands of the imaging and transcriptomic analyses.
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)

1.5. Procedures involving human subjects have been approved by the Institutional Review Board (IRB) at the University of Cincinnati.
Protocol: (read by voice talent at JoVE) Authors: The Optional most important step statement was not included, as it reference an entire series of steps rather than a single individual step
2. Pollutant-Exposed Human Monocyte-Derived Dendritic Cell (DC) Sequencing
2.1. To sequence the human monocyte-derived dendritic cell library, first load the sequencing and indexing reagents onto the Sequencing by Synthesis and Indexing reagent racks, respectively [1-WIDE-TXT], and place the racks in a laboratory-grade water bath for 1 hour until all of the ice has melted and the reagents are mixed thoroughly [2-MED-TXT].

2.1.1. Talent adding tube(s) to racks (TEXT: See text for DC sample preparation details)

2.1.2. Talent placing rack(s) into water bath (TEXT: See text for all reagent preparation details)
2.2. While the reagents are thawing, power on the sequencer [1-MED], connecting the computer to a network drive when the "DO NOT EJECT” drive appears [2-CU], and launch the sequencer control software [3-MED-over the shoulder].

2.2.1. Talent powering on sequencer

2.2.2. Shot of DONOTEJECT drive
2.2.3. Talent launching software, with monitor visible in frame

2.3. Next, add about 100 mL of Maintenance Wash solution to each of the bottles in the Sequencing by Synthesis reagent rack [1-MED] and screw a funnel cap onto each bottle [2-CU]. 
2.3.1. Talent adding wash solution to at least one bottle, with wash solution container visible in frame

2.3.2. Cap being screwed onto one bottle

2.4. Add approximately 12 mL of Maintenance Wash [1-CU] solution to each 15-mL conical tube in the Indexing reagent rack and discard the caps [2-MED].
2.4.1. Solution being added to tube(s)

2.4.2. Talent discarding cap(s)

2.5. Then load the both racks onto the sequencer [1-MED].
2.5.1. Talent loading rack(s) onto sequencer

2.6. Select “Maintenance Wash” within the sequencer control software [1-MED-over the shoulder] and follow the instructions for cleaning the sequencer fluid system [2-SCREEN].

2.6.1. Talent selecting maintenance wash, with monitor visible in frame

2.6.2. *To be provided by Authors: Shot of some instructions for cleaning fluid system
2.7. Use a flashlight to visually inspect the flow cell for bubbles passing through the lanes to make sure there is no leakage [1-CU].
2.7.1. Bubbles being inspected

2.8. When the wash sequence has finished, open the “Sequence” tab and start a “New Run”, directing the output data to a network drive [1-SCREEN-TXT].
2.8.1. *To be provided by Authors: Sequence tab being opened, then New Run being started (TEXT: i.e. single read 1x50 bp w/ single index multiplexed libraries), then data being directed to network drive
2.9. Upload a Sample Sheet for de-multiplexing and enter the appropriate reagent information [1-SCREEN].
2.9.1. *To be provided by Authors: Sample sheet being uploaded, reagent information being entered

2.10. Use a used flow cell to prime the system with the sequencing reagents [1-MED].
2.10.1.  Talent using flow cell to prime system and check for leakage
2.11. Once the cluster generation is complete, remove the flow cell [1-CU] and lightly spray the cell with water [2-CU].

2.11.1.  Flow cell being removed

2.11.2.  Flow cell being sprayed with water

2.12. Wipe the flow cell dry with lens paper [1-MED] followed by a light spray with 95% ethanol [2-CU].

2.12.1.  Talent wiping cell dry

2.12.2.  Flow cell being sprayed with ethanol

2.13. After wiping the flow cell dry again, check the flow cell surface [1-MED] against a light to make sure that it is clean without debris or salt residue [2-CU].
2.13.1.  Talent holding flow cell up to light

2.13.2.  Shot of surface clean of debris and/or residue

2.14. When the Prime step is finished, load the clustered flow cell [1-MED] and begin the sequencing. The Sequence Analysis Viewer software will automatically be started [2-SCREEN].
2.14.1.  Talent loading flow cell

2.14.2.  *To be provided by Authors: Sequence being started/analysis viewer opening

2.15. About 26 hours later, monitor the sequencing data quality via the HiSequence Control software and Sequencing Analysis View software to assess the data quality and for any troubleshooting [1-MED/SCREEN-TXT].

2.15.1.  Talent monitoring data quality OR *To be provided by Authors: Data quality being monitored (TEXT: e.g. monitor cluster density, reads pass filter, cluster pass filter %, % ≥Q30, legacy phase/prophase %, indexing QC)

2.16. Then when the sequence has finished, change the flow cell gasket [1-MED] and perform a Maintenance Wash before beginning the next run [2-CU].

2.16.1.  Talent changing flow cell gasket

2.16.2.  *To be provided by Authors: Maintenance wash being started

3. Imaging Flow Cytometry Analysis
3.1. After flow cytometric imaging of the pollutant-exposed dendritic cells, open ImageJ-Fiji [1-WIDE-TXT] and merge the 100 saved cell images for the non-exposed and pollutant-exposed human dendritic cell sample groups into individual files according to the treatment group [2-SCREEN].

3.1.1. Talent opening ImageJ-Fiji (TEXT: See text for imaging flow cytometry details)
3.1.2. *To be provided by Authors: Authors will use Photoshop (4.2.1) to merge at least 2~3 images to show procedures and will use pre-assembled 100 images from one sample group for further image analyses
3.2. To analyze CD1d and Lamp1 (lamp-one) co-localization within the two populations, open the pollutant-exposed, 100-merged-cell image and select “Image”, “Color” and “Split channels” to split the image into two individual images with a single fluorophore per channel [1-SCREEN].
3.2.1. *To be provided by Authors: Merged image being opened, then Image, Color and Split channels being selected 
3.3. To create a scatterplot of the co-localized pixels, select “Analyze”, “Co-localization” and “Co-localization Threshold” [1-SCREEN] and press PrintScreen to save the scatterplot [2-CU].
3.3.1. *To be provided by Authors: Analyze, Co-localization, and Co-localization threshold being selected, then scatterplot being saved 

3.3.2. PrintScreen being pressed

3.4. To calculate the Mander's co-localization co-efficient for each single cellular image, use the oval selection tool to select a single cell image on the image file with the split channels and select “Analyze”, “Co-localization” and “Co-localization Threshold” again [1-SCREEN].
3.4.1. *To be provided by Authors: Single cell image being selected, then Analyze, Co-localization, and Co-localization threshold being selected 
3.5. Then select “Channel 1” from the dialogue box for the region of interest and click OK [1-SCREEN-TXT]. 
3.5.1. *To be provided by Authors: Channel 1 being selected (TEXT: Keep all calculation options, including Mander’s using thresholds, for each cell image) 
3.6. When the co-efficient has been calculated for all 100 cell images [1-LM], import the results into an appropriate spreadsheet [2-SCREEN] and repeat the analysis for the control, non-exposed cell sample [3-MED-over the shoulder].
3.6.1. Authors: please upload the scatterplot from Figure 3B through the submission link as its own .ai or .psd file without the B label: no animation 
3.6.2. *To be provided by Authors: Results being imported into spreadsheet Talent merging cell images for non-exposed cell group 
4. Results: CD1d and Lamp1 Co-Localization Analysis
4.1. Using RNA sequencing and transcriptomic data analyses, several major altered gene clusters [1-LM], including lipid metabolism and endocytic functions, were identified in the pollutant-exposed DCs [2-LM]. 
4.1.1. Figure 1B: please indicate lipid metabolism data cluster
4.1.2. Figure 1B: please indicate endosome data cluster
4.2. At the individual cell image level, HLA-DR+CD11c+ dendritic cells [1-LM] can be gated according to their CD1d and Lamp1 co-expression [2-LM].  
4.2.1. Authors: please upload the graphs from Figure 2A through the submission link together in a new .ai or .psd file without the A label: please outline/indicate square gate/cells within square gate in left graph 
4.2.2. Figure 2A: please outline/indicate square gate/cells within square gate in right graph
4.3. Control, non-exposed dendritic cells demonstrate minimal CD1d and Lamp1 protein co-localization, indicating a basal level of CD1d endocytic trafficking and a high level of surface expression under physiological conditions [1-LM], whereas CD1d is retained in the late endocytic compartments of pollutant-exposed dendritic cells, confirming altered endocytic gene profiles in this experimental cell population [2-LM].  
4.3.1. Authors: please upload the cell images for control, non-exposed DC from Figure 2B through the submission link in a new .ai or .psd file without the B label: please indicate CD1d/Lamp1 data column 
4.3.2. Authors: please upload the cell images for BaP-exposed DC from Figure 2B through the submission link in a new .ai or .psd file without the B label: please indicate CD1d/Lamp1 data column
4.4. After merging the individual cellular images into a single image file [1-LM], the individual images can be split according to their fluorophore expression [2-LM] and the co-localization of the pixel intensity between the two channels can be visualized in a scatterplot [3-LM]. 
4.4.1. Authors: please upload the merged image from Figure 3A through the submission link as its own .ai or .psd file without the A label: no animation 
4.4.2. Figure 3B: emphasize x- and y-axis titles
4.4.3. Figure 3B: emphasize orange/strong colocalization pixels in plot
4.5. The degree of co-localization between the CD1d and Lamp1 proteins in the two treatment groups can then be quantified using Mander’s co-efficients [1-LM]. 
4.5.1. Authors: please upload the graph from Figure 4B through the submission link without the B label: please add/emphasize asterisk OR no animation 
4.6. If the protein intensity is heterogeneous between the co-localized and non-co-localized areas [1-LM], the co-localized intensity will not be parallel to the co-localized areas [2-LM]. Therefore, it is also important to further assess the co-localization of the two proteins based on the pixel intensity [3-LM]. 
4.6.1. Authors: please upload the graphs from Figure 4A through the submission link without the A label: please emphasize left graph/orange pixels in left graph
4.6.2. Figure 4A: please emphasize/trace white co-localization in left graph
4.6.3. Authors: please upload the graphs from Figure 4C through the submission link without the C label: please add/emphasize asterisks OR no animation  
5. Conclusion (said by authors on camera):
5.1. Xiang Zhang: Once mastered, the imaging analysis can be completed in 2 hours and the RNA sequencing setup can be completed in 3 hours if each technique is performed properly.
5.2. Xiang Zhang: While attempting this procedure, it’s important to remember to make sure that all of the reagents are properly loaded in the correct positions and that there is no leakage in the sequencer.
5.3. Xiang Zhang: Following this procedure, other methods, like miRNA-, exome- or methyl-sequencing, can be performed to answer additional questions about global miRNA expression, gene mutation or DNA methylation, respectively.
5.4. Shouxiong Huang: After its development, this technique will help researchers in the fields of cell imaging analysis and next generation sequencing to explore the effects of environmental pollutants on gene expression and protein function.
5.5. Xiang Zhang: After watching this video, you should have a good understanding of how to set up the next generation sequencing and imaging analysis of protein co-localization.

5.6. Shouxiong Huang: Don't forget that working with toxic pollutant chemicals and human blood samples can be extremely hazardous and that precautions, such as using a chemical fume hood and personal protective equipment, should always be taken while performing this procedure.  

Provided Media

Authors, please list all images, movie files, or 3-D rendered animations that are to be included in the video per editor’s request. The step in the script/video where the files will be inserted should be indicated before the file name (please do not name files with step number, as step numbers may change with revisions). For example:

3.1.1. Figure1.tif - dual color imaging of tumor angiogenesis at 40X 

3.1.2. 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 the filenames of all the media to be included into the video here.
[Include sequencing cluster image capture.]

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 in the email accompanying the finalized script.
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