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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) __Y____ 
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____2.6-2.8, 3.2, 3.3, 4.8 ______________________
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  __Choosing proper parameters for segmentation of bright field images in step 3.2 can be difficult, and has a significant effect on the resulting time series data quality. We focus on identifying all cell regions with preference given to over- rather than under-segmenting regions. During visual data inspection, over-segmented regions can be merged to form a whole cell region, but under-segmented regions cannot be split later._

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 obtain fluorescence movies of growing single yeast cells and extract reporter expression time series for each cell. (Intro)

This is accomplished by first culturing a monolayer of cells in a microfluidic chamber. (P1)
Editors, please zoom into 1) Microfuidic culture of figure 1 for P1.

The second step is to perform time-lapse fluorescence microscopy for one or more reporters. (P2)
Editors, please slide down to 2) Microscopy of figure 1 for P2.

Next, the movies are processed using the GRAFTS (pronounced “grafts”) software package to track and measure cells through time. (P3) 
Editors, please slide over to 3) Data Analysis of figure 1 for P3.

The final step is to analyze the cell measurements and lineage assignments, and to export reporter expression time series for each whole cell. (P4)
Editors, please slide down to 4) Single-cell time series of figure 1 for P2.

Ultimately, an instantaneous transcription rate inferred from expression time series is used to show changes in transcription both over the cell cycle and in response to changing transcription factor levels. (P5)
Editors, please zoom into 8D for P5

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. Christopher J. Zopf: This method can help answer key questions in the gene regulation field, such as how quickly do different promoters respond to the sudden addition or subtraction of an active transcription factor; how variable is this response across a population of cells; and how do different cellular characteristics, including morphology and cell cycle phase influence the response.
1.1.1. MED:  Christopher speaks toward camera  
1.2. Christopher J. Zopf: Moreover, this method can probe the effects of multiple additions and subtractions of an active transcription factor on gene expression.  
1.2.1. CU:  Christopher speaks toward camera  

Protocol (read by voice talent at JoVE):
Editors, in all of the screen capture files, please use a zoom bubble to highlight the action being performed.
2. Obtain fluorescent microscopy movies of single yeast cells growing in a microfluidic chamber
2.1. Prepare yeast cells growing at a nutrient-rich steady state at a density suitable for loading into the microfluidic device as described in the text protocol.
2.1.1. Title Card
2.2. Then prepare a Y04C (pronounced “Y-zero-four-C”) microfluidic culture plate from CellAsic by rinsing the wells with sterile water following removal of the shipping solution.  Using the ONIX perfusion system, flow water through wells 1 through 6 at 6 psi for 5 minutes to flush the channels.  Then, flow from the loading well 8 at 6 psi for 10 seconds.
2.2.1. MED or MED-over the shoulder:  Talent rinses the wells of a Y04C microfluidic culture plate from CellAsic by rinsing the wells with sterile water.
2.2.2. CU:  Plate as talent uses the ONIX perfusion system to flow water through wells 1-6 at 6 psi.  TEXT overlay:  6 psi for 5 min {Comment: This action takes place in the screenshot in 2.2.4.}
2.2.3. CU:  Plate as talent uses the ONIX perfusion system to flow water through well 8 at 6 psi.  TEXT overlay:  6 psi for 10 sec {Comment: This action takes place in the screenshot in 2.2.4.}
2.2.4. Added shot: SCREEN: Screen capture movie as talent uses ONIX interface to control flow as in steps 2.2.2 (TEXT overlay:  6 psi for 5 min) and 2.2.3 (TEXT overlay: 6 psi for 10 sec). Editors, speed up the time of this movie to correlate with the narration if necessary.
2.3. Remove water from all wells and replace with 250 μL of SC media in inlet wells 1 through 6, and 50 μL of the prepared cell culture in cell loading well 8. 
2.3.1. MED-over the shoulder:  Talent removes water from the wells.
2.3.2. CU:  Talent pipettes 250 μL synthetic defined media with 2% glucose and complete complement of amino acids in inlet wells 1 through 6 from a labeled container.  TEXT overlay:  see text for recipe
2.3.3. MED-over the shoulder:  Talent pipettes 50 μL of the prepared cell culture in cell loading well 8.
2.4. Seal the ONIX manifold to the plate, and begin priming the channels and culture chamber by flowing from inlet wells 1 through 6 at 6 psi for 2 minutes.  Follow this with flowing from only the inlet well holding the starting media for at least 5 minutes at 6 psi.  Flow this continually until the microscope step.
2.4.1. CU:  Plate as talent seals the ONIX manifold to the plate.
2.4.2. MED-over the shoulder:  Talent begins priming the channels and culture chamber by flowing from inlet wells 1-6 at 6 psi.  TEXT overlay:  6 psi for 2 min  {Comment: This action takes place in the screenshot in 2.2.4.}
2.4.3. CU:  Plate/ONIX system as talent flows from the inlet well with starting media a 6 psi.  TEXT overlay:  6 psi for 5 min {Comment: This action takes place in the screenshot in 2.2.4.}
2.4.4. Added shot: SCREEN: Screen capture movie as talent uses ONIX interface to control flow as in steps 2.4.2 (TEXT overlay:  6 psi for 2 min) and 2.4.3 (TEXT overlay: 6 psi for >5 min). Editors, speed up the time of this movie to correlate with the narration if necessary.
2.5. Tape the plate to the stage mount to prevent its shifting throughout the experiment in order to improve cell tracking during data analysis. 
2.5.1. MED-over the shoulder:  Talent tapes the plate to the stage mount to prevent its shifting throughout the experiment.
2.6. Following preparation of the microscope as described in the text protocol, place a few drops of immersion fluid on the objective, and mount the microfluidic device securely in the stage of the inverted microscope. 
2.6.1. MED:  Talent prepares to place a few drops of immersion fluid on the objective.
2.6.2. CU:  Microscope as talent places a few drops of immersion fluid on the objective, and mounts the microfluidic device securely in the stage.
2.7. Focus on the leftmost third of the first culture chamber using one of the embedded position markers.  Turn off flow from the media inlet well, and flow from cell loading well 8 at 6 psi in 5 second bursts.  Move the stage to look around the culture chamber for cells.  
2.7.1. SCREEN:  Screen capture movie as talent focuses on the leftmost third of the first culture chamber using one of the embedded position markers. Talent then performs step 2.7.2 on screen. Talent then moves the stage to look for cells. {Comment: The screen capture of the microscope image while moving the stage corresponds to the actions filmed in 2.7.3.
2.7.2. CU:  ONIX controls as talent turns off flow from the media inlet well and flows from cell loading well 8. {Comment: This action takes place in the screenshot in 2.7.1.}
2.7.3. MED:  Talent moves the stage to look around the culture chamber for cells.
2.8. Increase loading flow time and pressure until desired cell density is achieved, but avoid overloading and clogging the leftmost barrier where fresh media enters the chamber.  Begin flowing from the media inlet well containing the starting media at 6 psi.
2.8.1. SCREEN:  Screen capture movie of wells as talent increases the loading flow time and pressure until the desired cell density is achieved.  Then talent begins flowing from the media inlet well containing the starting media.  Editors, speed up the time of this movie to correlate with the narration if necessary.
2.9. In MetaMorph or other microscopy automation and control software, setup a multi-dimensional acquisition to take multiple images at multiple stage positions over time.  
2.9.1. MED-over the shoulder:  Talent pulls up MetaMorph software and begins to setup the acquisition.
2.10. Set the number of time points and interval between them.  Then, select several stage positions with approximately 10 cells each.  
2.10.1. SCREEN:  Screen capture software of MetaMorph as talent sets the number of time points and interval between them.  Talent selects several stage positions with approximately 10 cells each.
2.11. Setup the acquisition so that at each stage position, and at each time point, the program will focus on the transmitted light bright field image using MetaMorph’s built-in autofocus method. Implementing the autofocus as a custom-written journal at the start of each stage position provides greater control over focus accuracy. 
2.11.1. SCREEN:  Screen capture software of MetaMorph as talent sets up the acquisition so that the program will focus on the transmitted light bright field image using the autofocus.
2.12. Also set the program to acquire the bright field image at plus 1 μm to the focal plane, and to acquire a bright field out of focus image at minus 4 μm to the focal plane. Use custom-written journals to change the focus as required between images.
2.12.1. SCREEN:  Screen capture software of MetaMorph as talent sets the program to acquire the bright field image at +1 μm to the focal place and to acquire a bright field out of focus image at -4 μm to the focal plane.  
2.13. Finally, set the program to acquire one grayscale image for each fluorescent reporter at the focal plane using settings optimized for rapid acquisition with minimal photobleaching.
2.13.1. SCREEN:  Screen capture software of MetaMorph as talent sets the program to acquire one grayscale image for each fluorescent reporter at the focal plane using settings optimized for rapid acquisition with minimal photobleaching.
2.14. Prepare the flow program for the experiment in the ONIX control software.  Then, simultaneously begin the acquisition program in MetaMorph and the flow program in the ONIX control software.
2.14.1. SCREEN:  Screen capture software of ONIX as talent prepares the flow program for the experiment.  Then talent simultaneously begins acquisition program in MetaMorph and flow program in ONIX. Editors, speed up the time of this movie to correlate with the narration if necessary (especially the image acquisitions after the ~26 second mark).
3. Format and segment data for tracking using the FormatData GUI in MATLAB
3.1. Run the FormatData.m (pronounced “format data dot m”) file in MATLAB to open the data input graphical user interface, or GUI (pronounced “gooey”).  
3.1.1. MED-over the shoulder:  Talent runs the Format.Data.m file in MATLAB to open the GUI.
3.2. At the top, specify or browse to the folder containing the image files to set the data directory, and then use the GUI to specify the data types and image files recorded in the experiment.  Proceed to select segmentation the parameters as described in the text protocol.
3.2.1. SCREEN:  Screen capture movie as talent specifies the folder containing the image files to set the data directory and then uses the GUI to specify the data types and image files recorded in the experiment.
3.3. Talent:  Choosing proper parameters for segmentation of bright field images can be difficult, and has a significant effect on the resulting time series data quality.  We focus on identifying all cell regions with preference given to over- rather than under-segmented regions.  During visual data inspection, over-segmented regions can be merged to form a whole cell region, but under-segmented regions cannot be split later.
3.3.1. MED:  Talent speaks toward camera.
3.4. Set the different segmentation parameters and test the segmentation quality by clicking “Test.”  Successfully segmented regions will be green with magenta borders.  Be sure to use the slider to check multiple time points in the movie.  When the segmentation is satisfactory, select “Done” to return the segmentation parameters to the FormatData GUI.
3.4.1. SCREEN:  Screen capture movie as talent sets the different segmentation parameters and tests the segmentation quality by clicking “Test.”  Talent uses curser to point out the green regions with magenta borders.  Then talent demonstrated moving of the slider.  Then talent selects “Done.”
3.5. After selecting the color parameters as described in the text, push the “Auto-threshold” button to automatically determine the threshold using Otsu’s method.  The image will highlight the areas preserved above the threshold.  
3.5.1. SCREEN:  Screen capture movie as talent pushes the “Auto-threshold” button to automatically determine the threshold using Otsu’s method.  
3.6. The threshold can be manually adjusted using the edit box.  Use the scroll bar to confirm the threshold is appropriate for all time points.  When satisfied, push “Done” to return the threshold to the FormatData GUI. Press “Add and Segment” to create the color mask.
3.6.1. SCREEN:  Screen capture movie as talent demonstrates manually adjusting the threshold using the edit box.  Talent uses the scroll bar to confirm the threshold is appropriate for all time points.  Then talent selects “Done” to return the threshold to the FormatData GUI.
3.7. Press “Format Data” to read the image files, process the data, and create a dot mat file in the specified folder.  This file will serve as the input to the ProcessTimeSeries GUI.
3.7.1. SCREEN:  Screen capture movie as talent presses “FormatData.”  Then talent uses the curser to point out the ProcessTimeSeries GUI. Editors, speed up the time of this movie to correlate with the narration if necessary.
4. Track cells and lineages through time with ProcessTimeSeries GUI, and curate ID and lineage assignments
4.1. Run the ProcessTimeSeries.m (pronounced “Process Time Series dot em”) file in MATLAB to open the tracking GUI.  
4.1.1. SCREEN:  Screen capture movie as talent runs the ProcessTimeSeries.m file in MATLAB to open the tracking GUI.
4.2. After opening the GUI, first set the “Chamber height.”  This indicates the height of the chamber in which the cells are trapped.  It is used as a constraint in approximating cell volume as a 3D ellipsoid based on the major and minor axis of the cell region.
4.2.1. SCREEN:  Screen capture movie as talent sets the “Chamber height.”
4.2.2. MED/WIDE:  Multiple takes as talent working at computer.  Editors, this shot can be used if necessary to cover narration here or anywhere throughout the procedure.
4.3. Then set “μm per pixel.”  This is the conversion factor used to calibrate pixel to μm distance in the images so that cross-sectional area and volume can be calculated in square μm and cubic μm, respectively.
4.3.1. SCREEN:  Screen capture movie as talent sets the “μm per pixel.”
4.4. Next, use the “Filters panel” to set the minimum and maximum parameters to filter out junk regions in the mask.  The “Area” is the region area in pixels.  “Ecc” is the eccentricity factor, which is more circular as the value approaches 0.  And “SF” is the shape factor, which is more circular as the value approaches 1.
4.4.1. SCREEN:  Screen capture movie as talent uses the “Filters panel” by selecting the “Area,” “Ecc,” and “SF.”
4.5. Click “Load Images” in the “file input output” panel and select the dot mat data file of interest, output by the FormatData GUI.  The region mask will be applied to each color channel and a number of different measurements are made.  The data file is then saved.
4.5.1. SCREEN:  Screen capture movie as talent clicks “Load Images” in the “file input output” panel and selects the *.mat data file of interest, output by the FormatData GUI. Editors, speed up the time of this movie to correlate with the narration if necessary. 
4.6. After selecting the track cells parameters as described in the text, click “Track Cells” to: track regions from one frame to the next using the region centroids; to assign lineages for newly appearing buds; and to save the data. Change parameters in the popup windows as necessary for your data.  Lineages are automatically assigned by minimizing distances between putative buds and potential mothers in each frame.
4.6.1. SCREEN:  Screen capture movie as talent clicks “Track cells” to: track regions from one frame to the next using the region centroids; to assign lineages for newly appearing buds; and to save the data.  The program then automatically assigns. Editors, speed up the time of this movie to correlate with the narration if necessary.
4.7. Click the button above the “Selected Cell Information” panel and curate poorly segmented regions and mistakes in ID or lineage assignments using the various GUI tools or shortcut keys which are described in the text protocol.
4.7.1. SCREEN:  Screen capture movie as talent clicks the button above the “Selected Cell Information” panel and proceeds to curate poorly segmented regions and mistakes in ID or lineage assignments using the various GUI tools.
4.8. To properly curate the data, merge any over-segmented regions; delete any regions not capturing the whole cell; and be sure mother-bud relationships are properly assigned.  
4.8.1. SCREEN:  Screen capture movie as talent merges any over-segmented regions, deletes any regions not capturing the whole cell, and ensures the mother-bud relationships are properly assigned.
4.9. Also eliminate any green IDs by merging regions, fixing the ID, assigning the region a mother, assigning no mother, or deleting the region.  Since bud data will be added to that of the mother during the final analysis, do not merge a bud region to its mother.
4.9.1. SCREEN:  Screen capture movie as talent eliminates green IDs.
4.10. Visually inspect data for each frame up to the last time of interest.  It is not required of the entire time series if not using the later frames.  Be sure to save changes.
4.10.1. MED-over the shoulder:  Talent visually inspects data for each frame and then saves changes.
5. Exporting data for analysis
5.1. Once all cell regions have been inspected over the time span of interest, data for all fluorescence channels and how they change over time are ready to be output. Push “Time Series Analysis” to analyze the time series for whole cells over time, calculate cell-cycle information, and take derivatives.  A window will open allowing selection of the measurements of interest and input of analysis parameters.
5.1.1. SCREEN:  Screen capture movie as talent pushes “Time Series Analysis” to analyze the time series for whole cells over time, calculate cell-cycle info and take derivatives.  A window opens and talent selects the measurements of interest and inputs analysis parameters.   
5.2. Enter the last time point curated in the GUI.  The default smoothing and cell-cycle assignment parameters work well for haploid and diploid strains imaged in 5 minute intervals, but these may need to be varied for best results. 
5.2.1. SCREEN:  Screen capture movie as talent enters the last time point curated in the GUI.
5.3. When all parameters are set, select ‘Analyze’ to export single cell time series data as described in the text protocol.
5.3.1. SCREEN:  Screen capture movie as talent clicks “Analyze” to export single cell time series. Editors, speed up the time of this movie to correlate with the narration if necessary.
6. Results:  Analysis of single-cell time series 
6.1. A successfully performed and analyzed experiment will yield mostly continuous time series for single whole cells with realistically assigned bud emergence and division times.
6.1.1. Title Card  
6.2. For a haploid yeast strain expressing an integrated copy of Cerulean fluorescent protein, or CFP, driven by the constitutive ADH1 promoter, whole cell measurements over time were obtained from the time series analysis.  The bright field images show the segmented mother cell in blue and its buds in green, with the contiguous whole cell outlined in red.  
6.2.1. LAB MEDIA:  Figure 7A.  
6.3. A dependence on the cell cycle emerges for both volume and expression.  After bud formation, the total combined volume increases more quickly than before bud emergence while protein concentration, or average intensity, decreases slightly.
6.3.1. LAB MEDIA:  Figure 7B&C.  Editors, please highlight the top panel as “the total combined volume increases” is narrated.  Then highlight the bottom panel as “while protein concentration, or average intensity, decreases slightly” is narrated.
6.4. The rise in combined integrated protein also accelerates after budding.
6.4.1. LAB MEDIA:  Figure 7D  
6.5. Comparing to the mother region alone, these results demonstrate the importance of properly incorporating bud contributions to the whole cell measurement and highlight the need for proper bud formation and division time assignments. 
6.5.1. LAB MEDIA:  Figure 7B&7D
6.6. The differentiated time series can be used to calculate an instantaneous relative mRNA level and transcription rate, which both also increase after budding.
6.6.1. LAB MEDIA:  Figure 7E&F 
6.7. The ability to generate stable time derivatives of measurement time series also benefits kinetic studies.  Using the switchable expression system described in the text protocol, a time series analysis shows when the transcription factor is localized to the nucleus, and when the target gene starts and stops transcription.  
6.7.1. LAB MEDIA:  Figure 8
6.8. Shown here are micrographs from the four indicated acquisition channels for a cell with a switchable YFP-fused Pho4-tetR (pronounced “Y-F-P-fused-foe-4-tet-R”) transactivator.
6.8.1. LAB MEDIA:  Figure 8A.  Editors, please transition to figure 8A by zooming in to it from figure 8.
6.9. The transactivator localizes to the RFP-marked nucleus in response to low phosphate, and drives expression of a 7xtetOpr-CFP (pronounced “7-X-tet-O-promoter-C-F-P”) reporter. 	
6.9.1. LAB MEDIA:  Figure 8B-D.  Editors, in the top panel, please highlight the black, red and pink lines in the green blocks as “the transactivator localizes to the RFP-marked nucleus in response to low phosphate” is narrated.  Then highlight the green blocks in second panel as “drives expression of a 7xtetOpr-CFP reporter” is narrated.
6.10. The inferred transcription rate changes with localization on average and at the single-cell level.  
6.10.1. LAB MEDIA:  Figure 8B-D.  Editors, as “on average” is narrated, please highlight the black line in the bottom panel and as “at the single-cell level” is narrated, please highlight the red and pink lines in the bottom panel.  

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-mabl/y?access=ksw0bprj

7. Conclusion (said by authors on camera)
7.1. Christopher J. Zopf:  Following this procedure, other analyses of the single cell multidimensional time series data can be performed in order to answer additional questions including… how does expression vary across the population over time…  are the effects of extrinsic fluctuations inherited over multiple generations… do gene activation kinetics change upon reactivation… does the cell cycle play a role… and many other questions requiring gene expression, growth, and lineage trajectories of single cells.
7.1.1. MED:  Christopher speaks toward camera.
      

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, 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 1 – to be used as schematic figure
Figure 7A – authors, please provide a separate version of figure 7A without the A label.
Figure 7B&C – authors, please provide a separate version of figures 7B and 7C without the B and C labels.
Figure 7D – authors, please provide a separate version of figure 7D without the D label.
Figure 7B&7D – authors, please provide a separate version of figures 7B and 7D without the B and D labels.
Figure 7E&F – authors, please provide a separate version of figures 7E and 7F without the E and F labels.
Figure 8
Figure 8A – authors, please provide a separate version of figure 8A without the A label.  
Figure 8B-D – authors, please provide a separate version of figures 8B-D without the A, B, C and D labels.
SCREEN Capture Movies:
50456_Maheshri_SCREEN_2.7.1:  Screen capture movie as talent focuses on the leftmost third of the first culture chamber using one of the embedded position markers.
50456_Maheshri_SCREEN_2.8.1:  Screen capture movie of wells as talent increases the loading flow time and pressure until the desired cell density is achieved.  Then talent begins flowing from the media inlet well containing the starting media.  
50456_Maheshri_SCREEN_2.10.1:  Screen capture software of MetaMorph as talent sets the number of time points and interval between them.  Talent selects several stage positions with approximately 10 cells each.
50456_Maheshri_SCREEN_2.11.1:  Screen capture software of MetaMorph as talent sets up the acquisition so that the program will focus on the transmitted light bright field image using the autofocus.
50456_Maheshri_SCREEN_2.12.1:  Screen capture software of MetaMorph as talent sets the program to acquire the bright field image at +1 μm to the focal place and to acquire a bright field out of focus image at -4 μm to the focal plane.  
50456_Maheshri_SCREEN_2.13.1:  Screen capture software of MetaMorph as talent sets the program to acquire one grayscale image for each fluorescent reporter at the focal plane using settings optimized for rapid acquisition with minimal photobleaching.
50456_Maheshri_SCREEN_2.14.1:  Screen capture software of ONIX as talent prepares the flow program for the experiment.  Then talent simultaneously begins acquisition program in MetaMorph and flow program in ONIX. 
50456_Maheshri_SCREEN_3.2.1:  Screen capture movie as talent specifies the folder containing the image files to set the data directory and then uses the GUI to specify the data types and image files recorded in the experiment.
50456_Maheshri_SCREEN_3.4.1:  Screen capture movie as talent sets the different segmentation parameters and tests the segmentation quality by clicking “Test.”  Talent uses curser to point out the green regions with magenta borders.  Then talent demonstrated moving of the slider.  Then talent selects “Done.”
50456_Maheshri_SCREEN_3.5.1:  Screen capture movie as talent pushes the “Auto-threshold” button to automatically determine the threshold using Otsu’s method.  
50456_Maheshri_SCREEN_3.6.1:  Screen capture movie as talent demonstrates manually adjusting the threshold using the edit box.  Talent uses the scroll bar to confirm the threshold is appropriate for all time points.  Then talent selects “Done” to return the threshold to the FormatData GUI.
50456_Maheshri_SCREEN_3.7.1:  Screen capture movie as talent presses “FormatData.”  Then talent uses the curser to point out the ProcessTimeSeries GUI.
50456_Maheshri_SCREEN_4.1.1:  Screen capture movie as talent runs the ProcessTimeSeries.m file in MATLAB to open the tracking GUI.
50456_Maheshri_SCREEN_4.2.1:  Screen capture movie as talent sets the “Chamber height.”
50456_Maheshri_SCREEN_4.3.1:  Screen capture movie as talent sets the “μm per pixel.”
50456_Maheshri_SCREEN_4.4.1:  Screen capture movie as talent uses the “Filters panel” by selecting the “Area,” “Ecc,” and “SF.”
50456_Maheshri_SCREEN_4.5.1:  Screen capture movie as talent clicks “Load Images” in the “file input output” panel and selects the *.mat data file of interest, output by the FormatData GUI.  
50456_Maheshri_SCREEN_4.6.1:  Screen capture movie as talent clicks “Track cells” to: track regions from one frame to the next using the region centroids; to assign lineages for newly appearing buds; and to save the data.  The program then automatically assigns.
50456_Maheshri_SCREEN_4.7.1:  Screen capture movie as talent clicks the button above the “Selected Cell Information” panel and proceeds to curate poorly segmented regions and mistakes in ID or lineage assignments using the various GUI tools.
50456_Maheshri_SCREEN_4.8.1:  Screen capture movie as talent merges any over-segmented regions, deletes any regions not capturing the whole cell, and ensures the mother-bud relationships are properly assigned.
50456_Maheshri_SCREEN_4.9.1:  Screen capture movie as talent eliminates green IDs.
50456_Maheshri_SCREEN_5.1.1:  Screen capture movie as talent pushes “Time Series Analysis” to analyze the time series for whole cells over time, calculate cell-cycle info and take derivatives.  A window opens and talent selects the measurements of interest and inputs analysis parameters.   
50456_Maheshri_SCREEN_5.2.1:  Screen capture movie as talent enters the last time point curated in the GUI.
50456_Maheshri_SCREEN_5.3.1:  Screen capture movie as talent clicks “Analyze” to export single cell time series.

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.

[bookmark: _GoBack]You will receive more detailed preparation instructions, as well as an introduction to your videographer, closer to your filming date.
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