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Author Questionnaire 
1. Microscopy: Does your protocol require the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or something similar?  No  
If Yes, can you record movies/images using your own microscope camera?
N/A  
If your protocol involves microscopy but you are not able to record movies/images with your microscope camera, JoVE will need to use our scope kit. 
If your microscope does not have a camera port, the scope kit will be attached to one of the eyepieces and you will have to perform the procedure using one eye.

We do not use a dissecting or stereomicroscope. However, we do use an optical microscope. The microscope does have a camera port. And we will be able to record videos using the camera we have attached to the microscope. 

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of 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. Please upload all screen captured video files to your project page as soon as possible.

3. Filming location: Will the filming need to take place in multiple locations?   No
If Yes, how far apart are the locations? N/A

To ensure that your script can be filmed in one day, the Protocol section is restricted to 55 shots (shots are the 3-digit numbers like 2.1.1, 2.1.2…etc)

Current Protocol Length

Number of Steps:  17
Number of Shots:  0 (33 SCREEN)

Introduction

1. Introductory Interview Statements

Videographer: Obtain headshots for all authors. 

Your answers to these questions will become author interview statements, which authors will memorize and then deliver on camera.
· Enter the full name of the author who will deliver the statement.
· If possible, each author should deliver no more than two statements.
· Fill out both required statements, one optional statement may also be selected.
· Answer in full sentences, in a style suitable for being spoken aloud. 
· Limit the length of each statement to 30 words or fewer.
· Answers will be edited for length, clarity, and consistency with journal style guidelines.

REQUIRED: Why is your protocol significant? OR What key questions can this method help answer? 
1.1. Ryan McGorty: Our protocol can be used to quantify dynamics in many systems using a range of optical microscope techniques. We highlight how this method can, in particular, help characterize the dynamics of reconstituted cytoskeleton networks. 

REQUIRED: What is the main advantage of this technique?
1.2. Ryan McGorty: The main advantage of using our differential dynamic microscopy software package is that is well documented, has multiple example analysis files, and can easily be adapted to quantify different types of dynamics. 

OPTIONAL: Do the implications of this technique extend toward the therapy (or diagnosis) of a particular disease, disability, or challenge? How so?
1.3. No

OPTIONAL: Are there any specific areas of research that this method could provide insight into? OR Can this method be applied to any other systems?
1.4. Ryan McGorty: Our software package can be used to not only quantify dynamics in reconstituted  cytoskeleton networks, as we show in our representative results section, but dynamics in many other soft and biologically-relevant materials. 

OPTIONAL: How would you expect an individual who has never performed this technique to struggle? Do you have any advice to offer to somebody who is trying this technique for the first time?
1.5. Ryan McGorty: Our software package is written in Python and the examples we show using the Jupyter Notebook interface. For new users, we suggest reviewing some of the many tutorials on Python that can be found online. 



Introduction of Demonstrator on Camera

Complete this statement ONLY if any of the individuals who will be demonstrating the procedure on camera will not be delivering an Introductory Interview Statement.

1.6. Enter name of author who will introduce demonstrator: Demonstrating the procedure will be Click here to enter name of demonstrator(s)., a Click here to enter demonstrator job title. from my laboratory. Include additional demonstrators as needed.  
1.6.1. INTERVIEW: Author saying the above. 
1.6.2. The named demonstrator(s) looks up from workbench or desk or microscope and acknowledges the camera.

1.7. 

Protocol
Please review this section to make sure that it accurately describes your protocol. Use Track Changes when making edits or revisions.
· The one-digit numbers represent sections of the video. The text will appear onscreen.
· The two-digit numbers (e.g. 2.1., 2.2.) represent steps of your protocol. The text will be recorded by a professional voiceover talent. 
· The three-digit numbers (e.g. 2.1.1., 2.2.2.) represent the shots that our videographer will capture at your lab. 
· To ensure that your protocol can be filmed in one day, the protocol is restricted to 25 steps and/or 55 shots. 

Please use this draft script to help you prepare for filming day.
· Filming should take no more than 10 minutes per step. If a step will take more than 10 minutes, prepare the product from that step in advance.

2. Image Acquisition and Parameter Setup
2.1. Based on the time and length scales to probe, acquire image sequences of over 1000 frames using microscope control software, such as micro-manager [1]. Save the image sequences as a three-dimensional greyscale TIFF (pronounce Tif) stack using an image processing program such as ImageJ (pronounce Image-J) [2].
2.1.1. SCREEN: Images being acquiredSetting the number of images to acquire to 2000 and acquiring
2.1.2. SCREEN: Images being saved
Authors: Please create screen capture videos of the shots labeled as SCREEN, create a screenshot summary, and upload the files as soon as possible to your project page
2.2. Under the examples folder provided in the PyDDM (pronounce P-Ypie-D-D-M) code repository, make a copy of the parameter file named example_parameter_file.yml (pronounce example-underscore-parameter-underscore-file-dot-Y-M-L) [1]. Open this YAML (pronounce yamlY-A-M-L) file with a text editor like NotePad++ (pronounce Notepad-plus-plus) or the text editor in JupyterLab (pronounce Jupiter-lab) [2]. 
2.2.1. SCREEN: Copy of file being made
2.2.2. SCREEN: File being opened in notepad
2.3. In the copied YAML (pronounce yamlY-A-M-L) file, provide the data directory and file name corresponding to the image sequence to be analyzed [1]. Under the metadata section, provide the pixel size and frame rate [2].
2.3.1. SCREEN: Data directory and file name being entered
2.3.2. SCREEN: Parameters being provided in the metadata section
2.4. Under the analysis_parameters (pronounce analysis -underscore-parameters) section, select the parameters for calculation of the DDM (pronounce D-D-M) matrix such as the number of different lag times and the longest lag time [1].
2.4.1. SCREEN: Parameters number_lag_times and last_lag_time being entered
2.5. Provide details on the fitting of the DDM (pronounce D-D-M) matrix or the intermediate scattering function in the Fitting_parameters (pronounce fitting- underscore-parameters) section, such as the name of the model in model parameter, initial guess, lower bound, and upper bound [1].
2.5.1. SCREEN: Parameters being entered in Fitting parameters
3. Calculating the DDM Matrix
3.1. Initialize an instance of the DDM_Analysis (pronounce D-D-M-underscore- analysis)  class by providing the metadata and the analysis parameters by passing the filename of the YAML (pronounce yamlY-A-M-L) file, with the full file path to DDM_Analysis (pronounce D-D-M-underscore- analysis) [1]. Alternatively, pass the metadata and parameters as a Python dictionary data structure [2].
3.1.1. SCREEN: Parameters being entered inInitializing the class DDM_Analysis
3.1.2. SCREEN: Parameters being addedAlterative method of initialization
3.2. Run the function to calculate the DDM (pronounce D-D-M) matrix [1]. Inspect the returned data with the associated variables and metadata, which are stored as a dataset in the xarray (pronounce X-array) package [2]. This data will also be saved to disk in a Network Common Data Form format [3].
3.2.1. SCREEN: calculate_DDM_matrix Function function being run
3.2.2. SCREEN: Data being stored in the ddm_dataset
3.2.3. SCREEN: Data being saved to disk
3.3. Then, inspect the plots and figures which are saved as a PDF file in the data directory. Note that one of these plots shows the default method for how the background is estimated [1]. Check that one of the plots shows the ensemble-averaged squared modulus of the Fourier-transformed images as a function of 𝑞 [2-TXT]. 
3.3.1. SCREEN: Checking plots and figures PDF
3.3.2. SCREEN: Plot with the formula TXT: Modulus: 〈|𝐼̃(𝑞, 𝑡)|2 〉𝑡
3.4. If needed, change the method in which the background is estimated using the Estimate the background from this modulus by assuming that, in the limit of large 𝑞, it will approach background by 2 [1]. But, if the modulus is not reaching a plateau at large 𝑞, set the parameter background_method (pronounce background-underscore- method) in either the YAML (pronounce yamlY-A-M-L) file or as an optional keyword argument to the function calculate_DDM_matrix (pronounce calculate-underscore -D-D-M-underscore- matrix) [21].
3.4.1. SCREEN: Calculating the backgroundRunning the calculate_DDM_matrix function with the background_method parameter specified
3.4.2. SCREEN: Setting the parameter
4. Fitting the DDM Matrix or the ISF
4.1. Initialize an instance of the DDM_Fit (pronounce D-D-M-underscore- fit) class by passing the filename of the YAML (pronounce yamle Y-A-M-L) file containing the image metadata and fitting parameters to DDM_Fit (pronounce D-D-M-underscore-fit) [1]. Select the model for the DDM (pronounce D-D-M) matrix or the ISF (pronounce I-S-F)  for fitting the data [2-TXT].
4.1.1. SCREEN: Filename being passed to the function DDM_Fit
4.1.2. SCREEN: Model being selected TXT: ISF: Intermediate Scattering Function
4.2. List the available models by executing the function print_fitting_models (pronounce print- underscore- fitting-underscore- models) [1]. Specify the model to be used in the YAML (pronounce Y-A-M-Lyaml) parameter file or by using the function reload_fit_model_by_name (pronounce reload -underscore-fit-model-by-name) [2].
4.2.1. SCREEN: Function print_fitting_models being executed
4.2.2. SCREEN: model being specified
4.3. For each parameter in the chosen model, set the initial guesses and bounds, if different from values specified in the YAML (pronounce yaml) file, by using the functions set_parameter_initial_guess (pronounce set-underscore- parameter-underscore- initial-guess) [1] and bounds by set_parameter_bounds (pronounce set-underscore- parameter-underscore- bounds) in the provided YAML (pronounce Y-A-M-L) parameter file [2]. 
4.3.1. SCREEN: function set_parameter_initial_guess being used
4.3.2. SCREEN: function set_parameter_bounds being used
4.4. Execute the fit with the function fit [1]. Assign a variable to the output of this function to access the results [2].
4.4.1. SCREEN: Fit function being executed
4.4.2. SCREEN: Variable being assigned
5. Interpreting the Fit Results
5.1. Generate plots for inspecting the fits and the 𝑞-dependence of the fit parameters with the function fit_report (pronounce fit-underscore- report) [1]. Check the output, including the figure with 2 by 2 subplots showing the DDM (pronounce D-D-M) matrix or ISF (pronounce I-S-F) at four 𝑞-values along with the model and best fit parametersfit [2].
5.1.1. SCREEN: function fit_report being used to generate plots
5.1.2. SCREEN: looking at output and figure with 2 x 2 subplots
5.2. Use the class Browse_DDM_Fits (pronounce Browse-underscore- D-D-M-underscore- fits) in the Jupyter Notebook environment to plot the DDM (pronounce D-D-M) matrix or ISF (pronounce I-S-F) along with the best fit in an interactive way. Clicking on a point in the decay time versus wavenumber plot will show the data and fit [1]. Determine the dynamics from the plot of the characteristic decay time tau versus the wavenumber 𝑞, using the power law relationship [2].
5.2.1. SCREEN: Plots being generated and interacted with
5.2.2. SCREEN: Dynamics being determined
5.3. Check the results of the fit saved in a xarray (pronounce xX-array) dataset [1] and use the function to_netcdf (pronounce to -underscore--net-C-D-F) or Python’s built-in pickle module to save this data structure to disk [2]. 
5.3.1. SCREEN: xarray dataset being checked
5.3.2. SCREEN: function to_netcdf being used
Use the xarray (pronounce x-array) function open_dataset (pronounce open-underscore-dataset) to load the netCDF (pronounce net-C-D-F) files [1]. Then, use the function save_fit_results_to_excel (pronounce save-underscore-fit-results-to-excel) to save the fit results along with the data to a worksheet file [2].
SCREEN: function open_dataset being used
SCREEN: function save_fit_results_to_excel being used


Protocol Script Questions
Authors: Please use the step and shot numbers from the script above (not step numbers from the manuscript) when answering the questions below. Do not include steps that will be screen-captured and do not list entire sections.

1) Which steps from the protocol are the most important for viewers to see? Please list 4 to 6 individual steps (steps are indicated with the 2-digit numbers, like 2.1, 2.2, etc.). 

Click here to list 4 to 6 individual steps, using the step numbers from the protocol section of the video script.Not applicable since all shots are screen-captured.

2) If a dissection or stereo microscope is required for your protocol, please list all shots that will be visualized using the microscope (shots are indicated with the 3-digit numbers, like 2.1.1, 2.1.2, etc.).

[bookmark: Text3][bookmark: Text2]Click here to list microscope shots, using the shot numbers from the protocol section of the video script.     



Results
Please review this section to make sure that it accurately reflects your findings.
· Use Track Changes when making edits or revisions.
· If you would like the video to include different results, please revise this section.
· When revising, please keep the length of the voiceover below 200 words. Current word count: 220. (Voiceover is the text that follows the two-digit numbers)
· Please note that the video cannot include voiceover without an accompanying visual. 

6. Results: DDM Analysis for Vimentin and Actin-Microtubule Composite Network
6.1. DDM (pronounce D-D-M) analysis was performed on the brightfield image series of 0.6 micrometer micron beads in a vimentin network [1], and confocal microscope images from an active actin-microtubule composite network with spectrally distinct fluorescent labels [2].
6.1.1. LAB MEDIA: Figure 3 Video editor: Please emphasize A
6.1.2. LAB MEDIA: Figure 3 Video editor: Please emphasize B,C
6.2. Intermediate scattering functions were plotted as a function of lag time at different wavenumbers in a network with a vimentin concentration of 19 micromolar [1] and 34 micromolar [2]. The long lag time plateau of the function at a value well above zero indicates nonergodicity [3].
6.2.1. LAB MEDIA: Figure 4 Video editor: Please emphasize A
6.2.2. LAB MEDIA: Figure 4 Video editor: Please emphasize B
6.2.3. LAB MEDIA: Figure 4 Video editor: Please emphasize the white space above zero in lower right corner of both plots
6.3. The decay time, tau, plotted as a function of q for two networks with different vimentin concentrations showed subdiffusive or confined motion. 
6.3.1. LAB MEDIA: Figure 5
6.4. The nonergodicity parameter, 𝐶, plotted as a function of 𝑞 squared for the network with 34 and 49 micromolar vimentin showed that the log of 𝐶 was proportional to 𝑞 squared, as expected for confined motion [1].
6.4.1. LAB MEDIA: Figure 6
6.5. The Mean mean squared displacement versus lag time plots showed that the values determined from DDM (pronounce D-D-M) agreed well with that found through single-particle tracking [1]. For the more concentrated network, the value plateaus at longer lag times [2].
6.5.1. LAB MEDIA: Figure 7 
6.5.2. LAB MEDIA: Figure 7 Video editor: Please emphasize B
6.6. DDM (pronounce D-D-M) matrix versus lag time for an active actin-microtubule composite network showed that the DDM (pronounce D-D-M) matrix for a particular 𝑞-value had a plateau at low lag times [1], then increased, and further plateaued at large lag times [2].
6.6.1. LAB MEDIA: Figure 8 Video editor: Please emphasize the left part of the plot
6.6.2. LAB MEDIA: Figure 8 Video editor: Please emphasize the right part of the plot
6.7. The characteristic decay times, tau, from the fits to the DDM (pronounce D-D-M) matrix are shown. The relationship between tau and q indicate ballistic motion with the maximum lag time indicated with the horizontal red line [1].
6.7.1. LAB MEDIA: Figure 9


Conclusion
7. [bookmark: _Hlk27388131]Conclusion Interview Statements

Below are prompts for interview statements that can be used to further emphasize the significance of your protocol. 
· Answer one or two of the prompts below.
· Limit the statements to 30 words.
· Answer the questions in full sentences; you will need to memorize and deliver the interview statements during filming. 
· Indicate the full name of the author who will deliver each statement. 
What is the most important thing to remember when attempting this procedure? Please indicate the steps (e.g., 2.4., 2.5.) in the Protocol section of the script that this advice applies to.
7.1. Enter author name: (Enter step numbers referred to.) Click here to answer. Please use language that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.
Following this procedure, what other methods can be performed? What questions would these additional methods answer?
7.2. Enter author name: Click here to answer. Please use language that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.
After its development, did this technique pave the way for researchers to explore new questions within a specific scientific field? If so, how?
7.3. Ryan McGorty: After developing this PyDDM software package, we used it to investigate anisotropic and time-varying  dynamics of active cytoskeleton networks and other systems. 


Thank you for addressing our questions. We will incorporate your answers and suggestions, and send you the final script before your filming day. You will also receive detailed preparation instructions in the email accompanying the final script.
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