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Authors, please fill out the brief questionnaire below.   

A. Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) ___N______ If yes, please list make and model of your microscope: ______________________________
**Note:  This question is to get at whether or not you will need a camera hook-up to look into the microscope.  However, if your microscope has a digital camera attached to a computer, you can gather these shots by collecting screen capture movies.  
Does your protocol include microscopy steps that are visualized through a microscope with a digital camera/computer attached? (Y/N) ____N___ 
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)__Y______ 
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps:
2.1.1.1 Load data using PhenoLoader

2.2 Set analysis parameters
3.3 Remove poor-quality images
3.4 Explore the data
3.5 Select two different points (“profiles”) to compare them
3.6 Launch the clustergram 
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  
Users often store their image files using different filename conventions, which can make them difficult to load. We will highlight one method in PhenoRipper for helping users to load and extract information from their files. 

1. Introduction (Schematic Overview and Interview)

A. Schematic Overview (read by voice talent at JoVE):

Procedural Narrative:

The overall goal of this procedure is to use an image analysis platform to rapidly analyze and explore fluorescent microscopy images. (Intro)

This is accomplished by first seeding cells into a plate… adding perturbations to each well… and incubating the plate. (P1)
Editors, using the figure figure_01_workflow.eps, please sequentially show the “Seed cells on plate” image, the “perturb” arrow, and the “incubation” image as narrated.

Images are then acquired using an automated fluorescence microscope and the images are semi-automatically loaded onto the PhenoRipper image analysis platform using the PhenoLoader tool.
Editors, using the figure figure_01_workflow.eps, please sequentially show the “Image” arrow and the resulting images.

After setting the analysis parameters, PhenoRipper automatically identifies recurrent block types in the images and generates phenotypic profiles for each image that can be explored using the PhenoBrowser.  
Editors, using the figure figure_01_workflow.eps, please sequentially show the “PhenoRip Images” arrow and the resulting “Analyze data” image.

Ultimately, the final clustergram shows relationships between different conditions and image features, allowing for the comparison of complex yet subtle phenotypes generated by the high-throughput imaging screen. (P5)
Editors, please show figure 6 here.

Paste a copy of your graphic overview here.  The original file should be Adobe Illustrator (preferred) or Powerpoint (see instructions) and should be uploaded through your online submission on the JoVE website. Please keep all layers in the file (i.e., do not flatten the file).   


B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Benjamin Pavie:  The main advantage of this technique over existing methods, like methods that require automated identification of each cell, is that it is much faster and easy to use.
1.1.1. MED:  Ben speaks toward camera, interview style.   
1.2. Satwik Rajaram:  This method can help answer key questions in the biomedical field, such as predicting how different drugs affect cellular processes.
1.2.1. MED:  Satwik speaks toward camera, interview style.   

Protocol (read by voice talent at JoVE):
Editors, throughout this protocol, please use a zoom bubble to highlight the actions that are being performed on the SCREEN capture shots.
2. Sample preparation and imaging
2.1. This procedure begins with cell culture and cell fixing as described in the text protocol.  
2.1.1. MED:  Talent at hood fixes cells by pipetting 4% paraformaldehyde solution in PBS from a labeled container into the wells.
2.2. Stain the fixed cells using the list of specific primary antibodies, fluorescently-labeled secondary antibodies and other fluorescent stains that can be found in the text protocol.
2.2.1. MED-over the shoulder:  Talent leaves the stained, foil covered plate in the refrigerator.  TEXT overlay:  see text
2.3. After cell staining, acquire images using an epifluorescence microscope at 20x magnification using 1 by 1 camera binning.  Acquire sixteen images for each well, for a total of 480 images. 
2.3.1. MED:  Talent at the epifluorescence microscope, views cells at 20x magnification.
CU: Added shot showing the microscope display
2.3.2. MED-over the shoulder:  Computer screen as talent sets to acquire sixteen images for each well.    
Added shot panning to the microscope itself
3. Image analysis
3.1. To analyze images, first download and install PhenoRipper from phenoripper dot org, and launch PhenoRipper to begin analysis of images.
3.1.1. MED-over the shoulder:  Talent launches the PhenoRipper program.
3.2. To semi-automatically load images and associating metadata, use PhenoLoader by first clicking on “File Structure” to access the PhenoLoader window.  Next, click on “Define Root Directory” to select the directory containing the image dataset.  Then filter the files that are not used for analysis.
3.2.1. SCREEN:  Screen capture movie as talent clicks on “File Structure” to access the PhenoLoader window.  Then, talent clicks on “Define Root Directory” to select the directory containing the image dataset.  Then talent filters the files that are not used for analysis.  TEXT overlay:  see text for other loading options
3.3. Click on “Define Markers” to specify the biomarkers used in the experiment and associate them with the images.  Specifically, click on an image file and then select a portion of the filepath that uniquely identifies the biomarkers.  Finally, enter a name for each biomarker. 
3.3.1. SCREEN:  Screen capture movie as talent clicks on “Define Markers.”   Then talent clicks on an image file and selects a portion of the filepath that uniquely identifies the biomarkers.  Then talent enters a name for each biomarker.
3.4. The next step is to click on “Define Metadata” to associate information with each image.  Click on an image file and then select a portion of the filepath identifying image information. 
3.4.1. SCREEN:  Screen capture movie as talent clicks on “Define Metadata” to associate information with each image.  Talent clicks on an image file and then selects a portion of the filepath identifying image information.
3.5. A window asking for a group name will pop up; enter a name.  Members of the group extracted from the filename will be shown on the group table and can be further manipulated after analysis.
3.5.1. SCREEN:  Screen capture movie as a window appears asking for a group name and a name is entered. 
3.6. To add additional information not present in the filename, click on the “Add additional information” button.  Then select “Add Metadata Group” and enter the additional group name followed by each value for the pre-defined group.  There is no limit to the number of additional groups that can be added.
3.6.1. SCREEN:  Screen capture movie as talent clicks on the “Add additional information” button.  Talent then selects “Add Metadata Group” and enters the additional group name followed by each value for the pre-defined group.
3.7. Finally, click on “Create Metadatafile” to generate the metadata file and continue the analysis.  
3.7.1. SCREEN:  Screen capture movie as talent clicks on “Create Metadatafile” to generate the metadata file and continue the analysis.  
3.8. Select the metadata field that defines replicates in the experiment to avoid redundant sampling.  For a data set that contains replicates, grouping them together can improve performance.  
3.8.1. SCREEN:  Screen capture movie as talent selects the metadata field that defines replicates in the experiment. 
3.9. Next, click on “Set Parameters” to define the parameters required to process the dataset.  The parameters to define are on the left panel.  The right panel displays a merged sample of the dataset.  Click on the left/right arrows to switch among different images.
3.9.1. SCREEN:  Screen capture movie as talent clicks on “Set Parameters” to define the parameters required to process the dataset.  Talent brings the cursor over to the left panel to point it out.  Then talent brings the cursor over the right panel to point the merged sample out.  Then talent clicks on the left and right arrows to demonstrate how to switch among different images.
3.10. Choose an appropriate threshold value to roughly identify the cellular portions of the images.  A threshold is pre-calculated by PhenoRipper, but may be adjusted to improve highlighting of cellular regions using the scrollbar available on top of the image.  If a chosen threshold does not work across all images, lower the threshold so as to include non-cellular regions rather than dropping cellular regions.
3.10.1. SCREEN:  Screen capture movie as talent chooses the appropriate threshold value to roughly identify the cellular portions of the images.  Then talent demonstrates adjusting the threshold using the scrollbar available on the top of the image and chooses a lower threshold so that cellular regions are not dropped.  
3.11. Next, choose an appropriate block size, measured in pixels, to subdivide the image into a grid of blocks.  Adjust the block size to obtain an average of 20-30 blocks per cell.  To superimpose the grid over the image, click on the check box in front of the “Block Size” field.
3.11.1. SCREEN:  Screen capture movie as talent chooses an appropriate block size to subdivide the image into a grid of blocks.  Talent adjusts the block size to obtain an average of 20-30 blocks per cell.  Then talent clicks on the check box in front of the “Block Size” field.
3.12. If the auto-scaled images do not display markers with desired relative intensities or if markers need to be dropped from the analysis, use the “Adjust Channel Intensity” option. 
3.12.1. SCREEN:  Screen capture movie as talent uses the “Adjust Channel Intensity” option to manipulate the intensity of the markers.
3.13. To identify cellular regions on a subset of markers, select the “Channels used for Threshold” option.  Default choices of other parameters are usually adequate, but if required, adjust them using the “Advanced Analysis Options”.
3.13.1. SCREEN:  Screen capture movie as talent selects the “Channels used for Threshold” option.  Then talent adjusts the default choices of other parameters using the “Advanced Analysis Options.”
3.14. Run the analysis by pressing “PhenoRip” on the main application panel.  PhenoRipper will automatically identify recurrent block types in the images.  Phenotypic profiles will be generated for each image based on the fractions of the different block types in it.
3.14.1. SCREEN:  Screen capture movie as talent presses “PhenoRip” on the main application panel and PhenoRipper begins its automatic identification.
3.14.2. MED/WIDE:  Multiple takes of talent working at computer on PhenoRipper software.  
Lots of footage filmed from different angles
4. Exploring results
4.1. Explore the relationships between the phenotypic profiles of the images using the PhenoBrowser.  
4.1.1. LAB MEDIA:  Figure 3
4.2. The PhenoBrowser interface consists of four panels.  The top left panel is a graphical representation of the relative similarity between different images and experimental conditions.  The two panels on the right display sample images of the selected conditions.  The final panel compares the phenotypic profiles of the selected conditions.
4.2.1. LAB MEDIA:  Figure 3.  Editors, please highlight or zoom into the top left panel as “the top left panel is a graphical representation of the relative similarity between different images and experimental conditions” is narrated, the right display panels as “the two panels on the right display sample images of selected conditions” is narrated, and the bottom left panel as “and the final panel compares their phenotypic profiles” is narrated.
4.3. First, use the “Data Processing” menu to “Discard Empty Frames.”  Then, remove poor-quality images. Turn off grouping from the “Data Processing” menu to examine individual images.  Next, click through the outlier points in the scatter plot and discard low quality images.
4.3.1. SCREEN:  Screen capture movie as talent uses the “Data Processing” menu to “Discard Empty Frames.”  Then talent removes poor quality images.  Talent then uses the “Data Processing” menu to turn the grouping off.  Finally, talent clicks through the outlier points in the scatter plot and discards low quality images.
4.4. Decide which metadata field defines a basic unit of comparison.  For example, to compare drugs, group together images with the same value of the metadata field “drug”.  
4.4.1. SCREEN:  Screen capture movie as talent groups together images with the same value of the metadata field “drug” for an example.
4.5. The distance between points reflects the relative phenotypic similarity of the corresponding experimental conditions: closer points suggest more similarity.  Color or label points using the data display menu based on available metadata to aid interpretability.  
4.5.1. SCREEN:  Screen capture movie as talents uses cursor to point out the distance between points.  Talent uses the data display menu to color or labels points.
4.6. The three dimensional plot is rotatable by selecting the “rotatable” check box.  Drag the mouse over the graph while holding down the left mouse button.
4.6.1. SCREEN:  Screen capture movie as talent selects the “rotatable” check box.  Then talent drags the mouse over the graph while holding down the left mouse button.
4.7. Select two different points to compare them directly.  The image panels will display sample images for each point, and the barchart panel will show the block types that best distinguish the two points.
4.7.1. SCREEN:  Screen capture movie as talent selects two different points to compare them directly.   Then talent uses the cursor to point out the image panels and then then barchart panel.
4.8. Launch the clustergram from the “Clustergram menu” to provide a more global view of the relationship between block types and experimental conditions. 
4.8.1. SCREEN:  Screen capture movie as talent launches the clustergram from the “Clustergram menu.” 
4.9. By grouping both block types and conditions, this representation highlights the cellular phenotypes that best distinguish groups of conditions.
4.9.1. LAB MEDIA:  Figure 5 
5. Results: Grouping drugs based on their mechanism of action

5.1. PhenoRipper was used to analyze HeLa cells that were fluorescently stained for DNA, actin, and α-tubulin and imaged after treatment with histone deacetylase, microtubule targeting, and DNA damaging drugs.  The foreground threshold of these images was set to 5% and the block size to 20 pixels.
5.1.1. LAB MEDIA: Figure 2
5.2. Analysis of this data set took approximately 10 minutes on a standard desktop computer. The PhenoBrowser interface was used to explore the results. 
5.2.1. LAB MEDIA: Figure 3.  Editors, please zoom into the top left panel to transition to the next figure.
5.3. The relative phenotypic similarities between images are visualized using multi-dimensional scaling.  Each point represents a single image colored by its drug’s mechanism of action.  This plot shows that phenotypic profiles can be used to group drugs by their mechanism of action. 
5.3.1. LAB MEDIA: Figure 3_multi-dimensional_scaling – Authors, please provide a separate figure of the top left image of figure 3.
5.4. Imaging artifacts such as poor staining and empty frames were easy to identify since they stood out as clear outliers.
5.4.1. LAB MEDIA: Figure 4_ multi-dimensional_scaling – Authors, please provide a separate figure of the left image of figure 4.  Editors, please highlight the green outlier at the top of the plot.
5.5. A clustergram of the data relates this grouping to the phenotypic profiles.  Here, each row represents a single drug, and each column a block type.  The gray-scale values reflect the phenotypic profiles.  A lighter value indicates a higher fraction of that block type.  Hierarchical clustering largely separates the different drugs by drug class.
5.5.1. LAB MEDIA: Figure 5

INSTRUCTIONS FOR AUTHORS:
Please ensure that the representative results narration is appropriate and correctly describes your images, movies, or figures.  Our editors have ensured that the results are written in our format.   

We consider this section a critical aspect of the video, because here is where you provide validation for your experiments.  For example, if this is a cell culture preparation, this section is where the video will show your cells at various time points following culturing.  If this is an imaging prep, then this part is where you will show examples of your imaging experiments.  

Please limit the extent of narration to no more than 2-3 lines of text per image or movie file being described.   Figures with multiple panels submitted with the original protocol should be broken up so that each panel is a separate image.   Like the schematic, each image or movie file supplied in the results should be referenced by annotation in parenthesis, however for the results, the specific filename should be given in parenthesis.  

Below is an example of results text:

EXAMPLE REPRESENTATIVE RESULTS

5.  Evaluation of Morpholino Injection and Knockdown
5.1   Representative results of both morpholino injection and mRNA injection are shown here. The    
        uninjected control at 48 hours post fertilization looks normal, as expected 
        -LAB MEDIA: 0123_PIname_Figure1.tif  (Replace 0123 with your jove video #)

5.2   However, embryos injected with the morpholino heg_e3i3_egfr1, which knocks down Heg isoforms
                     containing the first of two EGF-like repeats, exhibit brain edema.
	        -LAB MEDIA: 0123_PIname_Figure2.tif	

5.3   Injection of heart of glass mRNA also produced an obvious phenotype. At 24 hours post fertilization, 
        the heads of the uninjected controls look normal 
        -LAB MEDIA: 0123_PIname_Figure3.tif

5.4   Conversely, some of the embryos injected with the mRNA exhibit cyclopia     
                     -LAB MEDIA: 0123_PIname_Figure4.jpg

Please visit the following URL to see an example of how the results will look when complete:
http://www.jove.com/video/1597/results-example-mably?access=ksw0bprj



6. Conclusion (said by authors on camera)
6.1. Benjamin Pavie:  Once mastered, this technique can be done in 10 minutes if it is performed properly.
6.1.1. MED:  Benjamin speaks toward camera, interview style.
6.2. Satwik Rajaram:  Following this procedure, other methods like profiling siRNA perturbations can be performed in order to answer additional questions like which genes affect similar pathways.
6.2.1. MED:  Satwik speaks toward camera, interview style.
      

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.

figure figure_01_workflow.eps – (schematic figure)
Figure 2
Figure 3
Figure 3_multi-dimensional_scaling – Authors, please provide a separate figure of the top left image of figure 3.
Figure 4_ multi-dimensional_scaling – Authors, please provide a separate figure of the left image of figure 4  
Figure 5


SCREEN Capture Movies
51280_Altschuler_3.2.1_SCREEN:  Screen capture movie as talent clicks on “File Structure” to access the PhenoLoader window.  Then, talent clicks on “Define Root Directory” to select the directory containing the image dataset.  Then talent filters the files that are not used for analysis.  TEXT overlay:  see text for other loading options
51280_Altschuler_3.3.1_SCREEN:  Screen capture movie as talent clicks on “Define Markers.”   Then talent clicks on an image file and selects a portion of the filepath that uniquely identifies the biomarkers.  Then talent enters a name for each biomarker.
51280_Altschuler_3.4.1_SCREEN:  Screen capture movie as talent clicks on “Define Metadata” to associate information with each image.  Talent clicks on an image file and then selects a portion of the filepath identifying image information.
51280_Altschuler_3.5.1_SCREEN:  Screen capture movie as a window appears asking for a group name and a name is entered. 
51280_Altschuler_3.6.1_SCREEN:  Screen capture movie as talent clicks on the “Add additional information” button.  Talent then selects “Add Metadata Group” and enters the additional group name followed by each value for the pre-defined group.
51280_Altschuler_3.7.1_SCREEN:  Screen capture movie as talent clicks on “Create Metadatafile” to generate the metadata file and continue the analysis.  
51280_Altschuler_3.8.1_SCREEN:  Screen capture movie as talent selects the metadata field that defines replicates in the experiment. 
51280_Altschuler_3.9.1_SCREEN:  Screen capture movie as talent clicks on “Set Parameters” to define the parameters required to process the dataset.  Talent brings the cursor over to the left panel to point it out.  Then talent brings the cursor over the right panel to point the merged sample out.  Then talent clicks on the left and right arrows to demonstrate how to switch among different images.
51280_Altschuler_3.10.1_SCREEN:  Screen capture movie as talent chooses the appropriate threshold value to roughly identify the cellular portions of the images.  Then talent demonstrates adjusting the threshold using the scrollbar available on the top of the image and chooses a lower threshold so that cellular regions are not dropped.  
51280_Altschuler_3.11.1_SCREEN:  Screen capture movie as talent chooses an appropriate block size to subdivide the image into a grid of blocks.  Talent adjusts the block size to obtain an average of 20-30 blocks per cell.  Then talent clicks on the check box in front of the “Block Size” field.
51280_Altschuler_3.12.1_SCREEN:  Screen capture movie as talent uses the “Adjust Channel Intensity” option to manipulate the intensity of the markers.
51280_Altschuler_3.13.1_SCREEN:  Screen capture movie as talent selects the “Channels used for Threshold” option.  Then talent adjusts the default choices of other parameters using the “Advanced Analysis Options.”
51280_Altschuler_3.14.1_SCREEN:  Screen capture movie as talent presses “PhenoRip” on the main application panel and PhenoRipper begins its automatic identification.
51280_Altschuler_4.3.1_SCREEN:  Screen capture movie as talent uses the “Data Processing” menu to “Discard Empty Frames.”  Then talent removes poor quality images.  Talent then uses the “Data Processing” menu to turn the grouping off.  Finally, talent clicks through the outlier points in the scatter plot and discards low quality images.
51280_Altschuler_4.4.1_SCREEN:  Screen capture movie as talent groups together images with the same value of the metadata field “drug” for an example.
51280_Altschuler_4.5.1_SCREEN:  Screen capture movie as talents uses cursor to point out the distance between points.  Talent uses the data display menu to color or labels points.
51280_Altschuler_4.6.1_SCREEN:  Screen capture movie as talent selects the “rotatable” check box.  Then talent drags the mouse over the graph while holding down the left mouse button.
51280_Altschuler_4.7.1_SCREEN:  Screen capture movie as talent selects two different points to compare them directly.   Then talent uses the cursor to point out the image panels and then then barchart panel.
51280_Altschuler_4.8.1_SCREEN:  Screen capture movie as talent launches the clustergram from the “Clustergram menu.” 


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, as well as an introduction to your videographer, closer to your filming date.
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