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Author Questionnaire: 

1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)  Y
Can you record movies/images using your own microscope camera? (Y/N) N 

2. Does your protocol include software usage? (Y/N) 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.

3. Which steps from the protocol section below are the most important for viewers to see? Please list 4-6 individual steps using the step numbers listed in this document. This information is important to prepare your Videographer for your shoot.  
2.1, 2.2, 2.3; 5.1, 5.2

4. What is the single most difficult aspect of this procedure and what do you do to ensure success? Please list 1-2 individual steps using the step numbers listed in this document.  
2.1; 5.1

5. Will the filming need to take place in multiple locations? (Y/N) N 


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

1. REQUIRED Interview Statements: 
Why is your protocol significant? OR What key questions can this method help answer? 

1.1. Françoise Moneger: Mechanical properties of plant cells are essential to be taken into account when trying to understand mechanisms underlying developmenttlopmental. AFM can be used to measure these properties and study the way they change between organs, tissues or developmental stages.


What is the main advantage of this technique?

1.2. Françoise Moneger: The main advantages of this technique is that it is non-invasive, relatively rapid, and doesn’t require treatments so it can be directly applied to living samples.


OPTIONAL Interview Statements: 

 
Do you have any advice to offer to somebody who is trying this technique for the first time?

1.3. Françoise Moneger: For someone that is new to this procedure, correctly completing sample fixation is critical.  Take extra care in order to achieve a stable mechanical fixation.


Why is visual demonstration of this method critical?

1.4. Françoise Moneger: Visual demonstration of this procedure is critical in order to best understand the intricacies of sample fixation, quality control of the force curves, and the measurement set up. 


Introduction of Demonstrator:  

1.5. Françoise Moneger: Demonstrating the procedure will be Simone Bovio, an engineer and Yuchen Long a post-doc from my laboratory.  
1.5.1. Interview style: Author saying the above 
1.5.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.






Section - Protocol
2. Biological Sample Preparation
2.1. To begin, place a piece of double sided tape into the center of a 5 centimeter diameter Petri dish. [1] Add a sample of gynoecium that has been isolated from a flower bud to the tape. [2]
2.1.1. Talent places tape at the center of the Petri dish
2.1.2. ECU: Talent adds sample to the tape
2.2. Rapidly add water to the dish until the sample is completely covered so as to avoid dehydration. [1]
2.2.1. Talent adds water to the dish to cover the sample
2.3. Next, place the sample onto an AFM stage and move the head so that it is over the sample. [1]
2.3.1. Talent places sample onto the AFM stage and move the head so that it is over the sample.
3. Force Spectroscopy Experimental Set-up and Acquisition 
3.1. After having calibrated the cantilever, in the software, ensure that the system is in QI mode and approach the sample with a Setpoint force of 50 nano-Newtons. Next, set a Z length of 4 microns and set the scan area to 80 by 80 microns squared with the number of pixels set to 40 by 40. [1]
3.1.1. SCREEN: To be provided by the authors – Screen capture video as talent switches to QI mode and approaches the sample as described.  Authors, please upload this screen capture to your project page. 
3.2. Then, go to the Advanced imaging settings panel and set the mode to constant speed. Additionally, set the extend and retract speeds to 200 microns per second and the Sample rate to 25 kilohertz. [1]
3.2.1. SCREEN: To be provided by the authors – Screen capture video as talent performs the above steps in the order listed. Authors, please upload this screen capture to your project page. 
3.3. Once the parameters have been set,. , move the tip to the region of interest on the sample [1] Verify that the area to be scanned is free from debris and locate a region that is as flat as possible and engage. Then, begin the scan and use the a rapid low-force scan to check if the sample moves. [2]
3.3.1. SCREEN: Talent moves the tip on the sample
3.3.2. SCREEN: To be provided by the authors – Screen capture video as talent moves to a debris free area and begins the rapid low-force scan. Authors, please upload this screen capture to your project page. 
3.4. Once an area of interest has been located, select a region that is 40 by 40 to 60 by 60 microns squared and increase the pixel number to 2 pixels per micron. [1]
3.4.1. SCREEN: To be provided by the authors – Screen capture video as talent sets the region and increases the pixel number as described. Authors, please upload this screen capture to your project page. 
3.5. Next, increase the Setpoint to 500 nanoNewtons to obtain an indentation of 100 to 200 nanometers. Decrease the Z length to 2 microns and the extend and retract speeds to 100 microns per second. Then, increase the Sample rate to 50 kilohertz and begin scanning the sample.… [1]
3.5.1. SCREEN: To be provided by the authors – Screen capture video as talent performs the above steps in the order listed. Authors, please upload this screen capture to your project page. 
3.6. When finished, save the output as both an image and a data file. [1]
3.6.1. SCREEN: To be provided by the authors – Screen capture video as talent saves the finished scan as described. Authors, please upload this screen capture to your project page. 
4. Data Analysis  
4.1. Open the data processing software and load the data file. Click on the Use this map for batch processing button in order to use the same analysis parameters on all the curves of the map. Then, go to Load pre-defined process and select Hertz fit. Next go to switchable baseline operation and set subtract to Offset + Tilt and X Min between 40 and 60%. On vertical tip position tab, select Unsmoothed Height if you prefer to work on raw data.Then, go to Load pre-defined process and select Hertz fit. [1]
4.1.1. SCREEN: To be provided by the authors – Screen capture video as talent performs the above steps in the order listed. Authors, please upload this screen capture to your project page. 
4.2. To select the appropriate fit model, go to the Elasticity fit tab and select one of the options based on the expected adhesion strength. [1]
4.2.1. SCREEN: To be provided by the authors – Screen capture video as talent performs the above steps in the order listed. Authors, please upload this screen capture to your project page. 
4.3. Simone Bovio: If no adhesion or weak adhesion is present, the Model type should be set to Hertz/Sneddon and the extend curve should be used. In case of stronger adhesion, use the Derjaguin-Muller-Toporov or DMT model and perform a fit on the retract curve. [1]
4.3.1. INTERVIEW: Author says the above statement interview style
4.4. Now, set the tip geometrical parameters based on nominal tip shape. The tip used in this experiment is a spherical tip with a radius of 400 nanometers. Next, set the Poisson’s Ratio to 0.5 and select Shift Curves. [1]
4.4.1. SCREEN: To be provided by the authors – Screen capture video as talent performs the above steps in the order listed. Authors, please upload this screen capture to your project page. 
4.5. Add a second Elasticity fit routine by clicking on the icon on the main window and repeat the same parameter settings. Finally, specify the desired indentation in X min. Then, click on Keep and apply to all to iterate the previous steps on all the curves of the map [1]. Save the results to obtain an image and a .tsv file. [2]
4.5.1. SCREEN: To be provided by the authors – Screen capture video as talent performs the above steps in the order listed. Authors, please upload this screen capture to your project page. 
4.5.2. Talent saves the results.
5. Measure of Turgor Pressure 
5.1. To measure with rapid solution changes, mount a sample in a Petri-dish holding a small piece of adhesive mastic. [1] Quickly seal the gap between the mastic and the sample base with bio-compatible glue [2]. 
5.1.1. Talent mounts the sample in a Petri-dish as described
5.1.2. CU: Talent seals the gap
5.1.3. SCREEN: Screen capture image of the sample under a binocular
5.2. Wait for the glue to solidify and then submerge the sample in liquid apex culture medium containing 0.1% plant preservation mixture. [1]
5.2.1. Talent adds liquid apex culture medium to the sample, covering it  
5.3. After calibrating the system, open the acquisition software and go first to the Check parameter window.  There, set the Spring constant to the cantilever’s manufactured spring constant or the determined spring constant.  [1]
5.3.1. SCREEN: To be provided by the authors – Screen capture video as talent performs the above steps in the order listed. Authors, please upload this screen capture to your project page. 
5.4. Next, set the Tip radius to 400 nanometers… the Sample Poisson’s ratio to 0.5… the Sample/Line to 128 to ensure rapid acquisition… the Scan rate to 0.2 Hertz… and the Scan size to 1 micron. [1]
5.4.1. SCREEN: To be provided by the authors – Screen capture video as talent performs the above steps in the order listed. Authors, please upload this screen capture to your project page. 
5.5. Then, go to the Ramp window and set Ramp size to 5 microns, the Trig threshold to maximum, and the Number of samples to 4608.[1] 
5.5.1. SCREEN: To be provided by the authors – Screen capture video as talent performs the above steps in the order listed. Authors, please upload this screen capture to your project page. 
5.6. With all of the parameters set, carefully approach the sample manually. [1] When the probe is relatively close to sample surface, click Approach. [2]
5.6.1. MED: Talent approaches the sample manually
5.6.2. SCREEN: To be provided by the authors – Screen capture video as talent finalizes the position through manual manipulation and then clicks Approach. Authors, please upload this screen capture to your project page. 
5.7. Upon contact, gradually increase the Scan size and modify the Scan rate until a desired balance is reached without damaging the sample or the tip. [1] 
5.7.1. SCREEN: To be provided by the authors – Screen capture video as talent performs the above steps in the order listed. Authors, please upload this screen capture to your project page. 
5.8. Relocate the scan if the measurement region is not as desired. When satisfied, click the button Point and Shoot to initiate the point and shoot window.  Specify a save directory and a file name. Then, click Ramp on next scan to initiate recording. [1]
5.8.1. SCREEN: To be provided by the authors – Screen capture video as talent performs the above steps in the order listed. Authors, please upload this screen capture to your project page. 
5.9. When scan is complete, the software interface will redirect to the Ramp window. Click on the scanned image to specify the positions to indent. Choose at least three indentation sites per cell near its barycenter, set it to repeat the indentation three times per site, and then click Ramp and capture. [1]
5.9.1. SCREEN: To be provided by the authors – Screen capture video as talent performs the above steps in the order listed. Authors, please upload this screen capture to your project page. 
6. Data Analysis 
6.1. In the analysis software, open the *.mca file. This shows the position of each force curve on the scanned image.  Then, open one force curve to be analyzed. [1]
6.1.1. SCREEN: To be provided by the authors – Screen capture video as talent performs the above steps in the order listed. Authors, please upload this screen capture to your project page. 
6.2. Click the Baseline correction button and drag the blue dash lines on the force curve until Extend Source Baseline Start and Extend Source Baseline Stop are at 0% and 80% respectively. Then, click on Execute. [1]
6.2.1. SCREEN: To be provided by the authors – Screen capture video as talent performs the above steps in the order listed. Authors, please upload this screen capture to your project page. 
6.3. Next, click the Boxcar Filter button and click Execute to smooth the force curve… Then, click the Indentation button. [1] 
6.3.1. SCREEN: To be provided by the authors – Screen capture video as talent performs the above steps in the order listed. Authors, please upload this screen capture to your project page. 
6.4. In the Input window, set the Active Curve to Extend… the Fit Method to Linearized Model… the Max Force Fit Boundary to 99%... the Min Force Fit Boundary to 75%, and the Fit Model to Stiffness. [1]
6.4.1. SCREEN: To be provided by the authors – Screen capture video as talent performs the above steps in the order listed. Authors, please upload this screen capture to your project page. 
6.5. Analyze the force curves in a batch. To accomplish this, click the Run History button, specify report directory, and add all other force curves that require the same treatment. When finished, click Run. [1] 
6.5.1. SCREEN: To be provided by the authors – Screen capture video as talent performs the above steps in the order listed. Authors, please upload this screen capture to your project page. 
6.6. When the value for k is batch fitted, click History and go to 5 Indentation to return to the indentation window.   Once there, change Max Force Fit Boundary to 10% and Min Force Fit Boundary to 1%.  Then, set the Fit Model to Hertzian. [1]
6.6.1. SCREEN: To be provided by the authors – Screen capture video as talent performs the above steps in the order listed. Authors, please upload this screen capture to your project page. 	Comment by Microsoft Office User: When getting the video, one of the menu did not appear (4 seconds after the start) so we provide here a photo of what we should have seen. It is named step 6.6.1sup. We let you seen how you can integrate this if possible 
6.7. Next, open the appropriate file to display the different scan channels. In the Height channel window, click on the Section button. This will allow the measurement of sample’s surface curvature that is required for turgor pressure deduction. [1] 
6.7.1. SCREEN: To be provided by the authors – Screen capture video as talent performs the above steps in the order listed. Authors, please upload this screen capture to your project page. 
6.8. Then, draw a line across the long axis of one cell, move the dash line boundaries to the cell edges, and record the Radius value. [1]
6.8.1. SCREEN: To be provided by the authors – Screen capture video as talent draws a line across the cell and records the radius value as described. Authors, please upload this screen capture to your project page. 

6.9. Finally, follow along in the text protocol to calculate the mean Young’s Modulus, spring constant, and E, k and the Turgor pressure for each cell. [1]
6.9.1. [bookmark: _GoBack]SCREEN: To be provided by the authors – Screen capture video as talent graphs the data and displays some of the described valuesshowing a spreadsheet of calculated data. Authors, please upload this screen capture to your project page. 

Section – Results
7. Results: AFM Measurements of Cell Wall Mechanical Properties and Turgor Pressure Detection
7.1. The image on the left is a map of the Young’s modulus obtained by analyzing the whole indentation, up to the user-defined force setpoint, while the image on the right shows the result of the analysis of the first 100 nanometers of indentation.[1]
7.1.1. LABMEDIA: Figure 1C-D – Video Editor: Highlight the Figure 1c with the first half of the statement and Figure 1d with the 2nd half.
7.2. Here, the 2 maps look highly similar, however, the variation of the indentation depth can lead in some cases to better highlight sample heterogeneities, which can be helpful for identifying the location or for providing information on the behavior of internal structures.[1]
7.2.1. LABMEDIA: Figure 1C-D
7.3. For each point on these maps, there is an underlying force curve. [1] The curve shown here has two effects that are worth mentioning. First of all, if the approach part of the force curve ends at 500 nanoNewtons, the downward tip movement keeps on going, meaning the final force applied by the tip is higher than expected.[2]
7.3.1. LABMEDIA: Figure 1C-D
7.3.2. LABMEDIA: Figure 2 – Video Editor: Highlight the point where the graph reaches 500 nN with the words “First of all, if the approach part of the force curve ends at 500 nanoNewtons” and the top of the graph, near 1000 nN, with the words “the downward tip movement keeps on going, meaning the final force applied by the tip is higher than expected”. 
7.4. The second thing to notice is the waving on the retract curve highlighted by the ellipse. Such waving can be an indicator of sample moving or vibrating under the action of the tip and switching to a different fixation method may be required. [1]
7.4.1.  LABMEDIA: Figure 2 – Video Editor: Highlight the ellipse.   
7.5. Using the procedure documented in this article, all of the key parameters for turgor pressure deduction, except for cell wall thickness, can be retrieved from AFM scans and indentations. [1]
7.5.1. LABMEDIA: Figure 3a
7.6. The force curve of deep indentation at the red cross position describes the cell wall Young’s modulus and the sample’s apparent stiffness at different regimes of the curve. [1]
7.6.1. LABMEDIA: Figure 3b– Video Editor: Highlight the green E =5.64 MPa with the words “cell wall Young’s modulus” and the red k=14.212 N/m with the words “sample’s apparent stiffness” 


Section - Conclusion
8. Conclusion Interview Statements:  
What is most important thing to remember when attempting this procedure? Please indicate the steps (e.g., 2.4., 2.5.) in the Protocol section this advice correlates to.
8.1. Yuchen Long: (Steps: 2.1, 3.4 and 5.1.) Sample fixation is crucial. During the measurement process, pay attention to signs of sample instability. Carefully select a region of sample that is flat to ensure perpendicular indentation. 
Following this procedure, what other methods can be performed? What questions would these additional methods answer?
8.2. Yuchen Long: Following this procedure, one can monitor mechanical properties over time in different conditions. One can also overlay mechanical measurements with confocal images for correlative studies.
After its development, did this technique pave the way for researchers to explore new questions within a specific scientific field? If so, how?
8.3. Yuchen Long: This technique paves the way for linking biomechanics with physiology, development and other biological processes.
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