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Author Questionnaire: 

1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (N)  
 
2. Does your protocol include software usage? (Y)
If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps.

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.  
2.1.1
2.1.2
2.2.1
2.3.1
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.  
2.2.1
5. Will the filming need to take place in multiple locations? (N)
If yes, how far apart are the locations? 


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

REQUIRED Interview Statements: 

Why is your protocol significant? OR What key questions can this method help answer? 

1.1. Lesheng Zhang: Direct measurement of water, proteins, and lipids with depth resolution in human subjects is very important for skin related diseases for the characterization of skin care product performance. This method along with the subsequent analysis leverages chemometrics to extract chemical information.

What is the main advantage of this technique?

1.2. Lesheng Zhang: The main advantage of this technique is that it allows for the clinical Raman dataset to be collected by trained instrument operators that lack technical expertise to identify, exclude, and remediate all sources of spectroscopic artifacts. The resulting data set can then be processed to identify outliers that need to be excluded from the data prior to analysis.  

OPTIONAL Interview Statements: 

Why is visual demonstration of this method critical?

1.3. Lesheng Zhang: During the data analysis, a key challenge is the removal of the outliers and the identification of the number of the key components in the dataset. The approach shown in this video leverages our prior knowledge of the clinical dataset and chemometrics approach to successfully extract the water, protein and lipid with depth resolution.
 
Introduction of Demonstrator:  

1.4. Lesheng Zhang: Demonstrating the procedure will be Li Yang and Nan Hu, technicians from our C&D laboratory.  

1.4.1. Interview style: Author saying the above 
1.4.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.

Ethics title card:  

1.5. Procedures involving human subjects have been approved by the Institutional Review Board (IRB) at Beijing Children’s Hospital.


Section - Protocol
2. Collection of in vivo Confocal Raman Spectra from Human Subjects with Atopic Dermatitis
2.1. To begin, have the subject place a marked lesion body site, or control site, in close contact with the imaging window of the in vivo confocal Raman instrument. [1-TXT] Be sure that they cover the whole window to avoid the impact of room light on imaging. [2] 
2.1.1. Subject places arm over imaging window. (TEXT: *See the text protocol for instrument and laser details)
2.1.2. Closeup showing contact with instrument
2.2. Then, open the software and move the focus until a spectrum, similar to the one shown here is seen. [1] Afterwards, move the focus 10 microns away from the skin’s surface. [2]
2.2.1. LABMEDIA: Authors: Please submit a screenshot of the spectrum described and upload it to your article’s link as 60186_ScreenShot_Step 2_2_1 – Videographer: Please also record the screen for this shot as the authors are unable to take screen capture videos with their setup.
2.2.2. LABMEDIA: Authors: Please submit a screenshot of the screen in its final position as described above and upload it to your article’s link as 60186_ScreenShot_Step 2_2_2– Videographer: Please also record the screen for this shot as the authors are unable to take screen capture videos with their setup.
2.3. Collect data for 26 steps with a 2-micron step size in the frequency region shown here using an exposure time of 1 second. [1-TXT] Measure eight replicates for each area, lasting up to 15 minutes in total. [2] 
2.3.1. LABMEDIA: Authors: Please submit a screenshot of the settings prior to data collection and upload it to your article’s link as 60186_ScreenShot_Step 2_3_1 (TEXT: Frequency Region: 2,510 cm-1 – 4,000 cm-1)  – Videographer: Please also record the screen for this shot as the authors are unable to take screen capture videos with their setup.
2.3.2. [bookmark: _GoBack]LABMEDIA: Authors: Please submit a screenshot showing where the replicates are selected, or of the screen just prior to taking the measurement and upload it to your article’s link as 60186_ScreenShot_Step 2_3_2– Videographer: Please also record the screen for this shot as the authors are unable to take screen capture videos with their setup.
3. Removal of the Out-of-skin Spectra
3.1. First, use the command window in MATLAB to change the file extension of the collected data from ‘.ric’… to ‘.mat’. [1] Then, load the .mat file to the MATLAB software platform as shown here. [2]
3.1.1. SCREEN: Author submitted screen capture: 60186_screenshot_1 (0.15-0.42)
3.1.2. SCREEN: Author submitted screen capture: 60186_screenshot_2 (0.03-0.08)
3.2. Correct the dataset’s baseline using the Automatic Weighted Least Squares method by going to the PLS_workspace window and right-clicking the imported dataset. scrolling to Analyze… selecting Other Tools… and clicking on Preprocessing. [1]
3.2.1. SCREEN: Author submitted screen capture: 60186_screenshot_2 (0.08-0.37)
3.3. In the window that pops up, click on Show… Then, scroll down the available methods tool bar to the automatic weighted least squares baseline filtering and select add. [1] Next, click on OK to set the options and to apply pre-processing to the data.  Save this as Spectra_baseline. [2]
3.3.1. SCREEN: Author submitted screen capture: 60186_screenshot_2 (0.37-0.48)
3.3.2. SCREEN: Author submitted screen capture: 60186_screenshot_2 (0.48-1:09)
3.4. Next, return to the command window and replace the data using the baseline corrected result. [1]
3.4.1. SCREEN: Author submitted screen capture: 60186_screenshot_2 (1:10-1:39)
3.5. Now, go to the text editor and run the program as shown here.  This will sum up the values between 2,910 and 2,965 inverse centimeters to obtain the intensity values under each Raman spectrum from the 26 consecutive steps measurement and store them in an excel file. [1]
3.5.1. SCREEN: Author submitted screen capture: 60186_screenshot_3 (0:03-0:46)
3.6. In MATLAB, go to the workspace and set the path for the Data and Depth_save as shown. [1] Next, use the process described here to interpolate the instrument offset value from 26 to 260 using the linspace function in MATLAB.[2]
3.6.1. SCREEN: Author submitted screen capture: 60186_screenshot_4 (0:03-0:19)
3.6.2. SCREEN: Author submitted screen capture: 60186_screenshot_4 (0:20-0:31)
3.7. This process will interpolate the intensity value from 26 to 260 using the spline method, leveraging the newly-generated 260 position values. [1]
3.7.1. SCREEN: Author submitted screen capture: 60186_screenshot_4 (0:31-0:35)
3.8. Additionally, it will use the 260 position and intensity values as X and Y inputs for the polyfit function, respectively. Setting the degree value to 20. Then, it will use the output coefficients and the 260 extended position values as the input for polyval to obtain the final 260 intensity values. [1]
3.8.1. SCREEN: Author submitted screen capture: 60186_screenshot_4 (0:35-0:38)
3.9. Next, it will calculate the mean intensity and find the point in the curve which is closest to the mean intensity. It will also change the depth value according to the skin’s surface and the known 2-micron step size.[1]
3.9.1. SCREEN: Author submitted screen capture: 60186_screenshot_4 (0:39-0:46)
3.10. Now, run the program.  [1]   
3.10.1. SCREEN: Author submitted screen capture: 60186_screenshot_4 (0:46 - 1:15) 
4. Removing the Outlier Spectra with the Room Light Effect.
4.1. Load the Raman spectra dataset after removal of the out-of-skin spectra into the PLS_Toolbox software under the MATLAB platform and right-click the dataset to choose Analyze and then select PCA.[1]
4.1.1. SCREEN: Author submitted screen capture: 60186_screenshot_5 (0:02-0:23)
4.2. Next, click on Choose Preprocessing, select Normalize as the preprocessing approach…[1]  Then, choose None for the cross validation.[2] 
4.2.1. SCREEN: Author submitted screen capture: 60186_screenshot_5 (0:24-0:50)
4.2.2. SCREEN: Author submitted screen capture: 60186_screenshot_5 (0:50-0:56)
4.3. Then, build a model, using the three components for the PCA decomposition analysis. [1]
4.3.1. SCREEN: Author submitted screen capture: 60186_screenshot_5 (0:55-1:26)
4.4. Now, remove the cover on the in vivo Raman instrument’s collection window and collect the room light spectra in the high frequency region using the same parameters used for the reference materials data collection. [1]
4.4.1. Talent removes the cover from the instrument and goes to computer to take reference data.
4.5. Identify the room light effect factor through comparison with the room light background. [1]
4.5.1. LABMEDIA: Supplementary Figure 3.jpg
4.6. Now, review the scores and remove the spectra with a significantly higher corresponding score value than normal.  This means removing more than 99.8% of the score values of the whole dataset, which is 0.16 in this study. [1] Save the resulting calibration x-block data. [2]
4.6.1. SCREEN: Author submitted screen capture: 60186_screenshot_5 (1:26 - 2:00)
4.6.2. SCREEN: Author submitted screen capture: 60186_screenshot_5 (2:00 - 2:20)
4.7. Finally, go to the PLS workspace browser and edit the new file… Select the Row Labels and go to Hard Delete Excluded to permanently delete the excluded data before resaving the file. [1]
4.7.1. SCREEN: Author submitted screen capture: 60186_screenshot_5 (2:20 - 2:50)
5. Selection of the Number of Components in MCR Decomposition Analysis
5.1. Begin by correcting the Raman spectra baseline using the same just shown. [1]
5.1.1. WIDE: Talent opens software while sitting at computer
5.2. Next, perform the PCA analysis on the preprocessed dataset. [1] Plot the eigenvalues in logarithmic scale along with the number of components by clicking on the Choose Components button and select log(eigenvalues) as the Y value. [2]
5.2.1. SCREEN: Author submitted screen capture: 60186_screenshot_6 (0:02 - 1:11) Video Editor: Speed up this video as this has been previously shown
5.2.2. SCREEN: Author submitted screen capture: 60186_screenshot_6 (1:11 - 1:29)
5.3. To perform multivariate curve resolution analysis, first use the Data Selection button to load the dataset into the MCR_main software. [1]
5.3.1. SCREEN: Author submitted screen capture: 60186_screenshot_7 (0:02 - 0:19)
5.4. Manually choose the number of components and set the component number to between 3 and 8. [1]
5.4.1. SCREEN: Author submitted screen capture: 60186_screenshot_7 (0:20 - 0:27)
5.5. Then, under the Initial Estimation tab, click on the Pure button … next select Concentration… and click the Do button. [1]
5.5.1. SCREEN: Author submitted screen capture: 60186_screenshot_7 (0:28 - 0:40)
5.6. Once the screen refreshes, click the OK button and then on Continue to move to the next page. [1]
5.6.1. SCREEN: Author submitted screen capture: 60186_screenshot_7 (0:40 - 0:44)
5.7. Now, click Continue and under Implementation, apply fnnls.  Then, select 6 from the dropdown menu for the number of species with non-negativity profiles and click Continue. [1]
5.7.1. SCREEN: Author submitted screen capture: 60186_screenshot_7 (3:50 - 4:10)
5.8. On the next page, choose the same parameters and click Continue.[1]
5.8.1. SCREEN: Author submitted screen capture: 60186_screenshot_7 (4:10 - 4:25)




Section – Results
6. Results: Resolving Water, Proteins, and Lipids from In Vivo Confocal Raman Spectra of Stratum Corneum
6.1. To determine the location of the skin’s surface, the area under the protein’s Raman peak was integrated to obtain the depth profile of the protein’s signal.
6.1.1. LABMEDIA: Figure 3a and Figure 3b – Video Editor: Highlight Figure 3a with the words “the area under the protein’s Raman peak.  Highlight Figure 3b with the words “the depth profile of the protein’s signal”.
6.2. The skin surface was defined as the location where the intensity value from the interpolated depth profile was closest to the mean intensity. The exact location of the skin surface does not need to coincide with an experimental data point. 
6.2.1. LABMEDIA: Figure 3a and Figure 3b – Video Editor: Highlight the red line and the blue down arrow in Figure 3b with the first sentence.
6.3. A total of 30,862 Raman spectra were collected with the data collection protocol described in this video. This large spectral dataset contains 20% spectral outliers.
6.3.1. LABMEDIA: Figure 4a/b – Video Editor: Label Figure 4a “Before Outlier Removal” and Figure 4b “Outliers Removed”
6.4. Proper identification and removal of outlier spectra is important to achieve a proper data set.  Here, one can see the contribution from room lights superimposed on a reference spectra of room light. 
6.4.1. LABMEDIA: Supplemental Figure 3
6.5. Principal component analysis was performed on the preprocessed confocal Raman dataset and the eigenvalue along with the number of factors used are plotted here. 
6.5.1. LABMEDIA: Figure 5a/b
6.6. A significant decrease in eigenvalue was observed for factor 9. 
6.6.1. LABMEDIA: Figure 5a/b Video Editor: Highlight the data point represented by 9 (on the x-axis of both graphs) when mentioned. 
6.7. This observation suggests investigating models with the number of principal components varying between three and eight factors for inclusion in the multivariate curve resolution model. 
6.7.1. LABMEDIA: Figure 6 



Section - Conclusion
7. 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.
7.1. Lesheng Zhang: When attempting this procedure, it is critical to start the depth profile above the skin surface to accurately determine the location of the skin’s surface.   
7.1.1. INTERVIEW: Named author says the above statement in an interview style shot while looking slightly off-camera – Video Editor: B-roll suggestion Step 2.2.1  
After its development, did this technique pave the way for researchers to explore new questions within a specific scientific field? If so, how?
7.2. Lesheng Zhang: This methodology enables investigation into the impact of skin care products on key skin components including water, proteins and lipids. 
7.2.1. INTERVIEW: Named author says the above statement in an interview style shot while looking slightly off-camera
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