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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. Software: Does the part of your protocol being filmed demonstrate software usage?  Y

3. Filming location: Will the filming need to take place in multiple locations (greater than walking distance)?   N

Protocol Length
Number of steps: 29


Introduction

1. Introductory Interview Statements

REQUIRED: 
1.1. Kyosuke Takabe: This technique offers a unique research tool for probing a cell’s identity or physiological characteristics at the single cell level without the need for invasive tagging [1].

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

REQUIRED: 
1.2. Kyosuke Takabe: The main advantages of this technique are that it facilitates single-cell level spatial resolution for your analysis and that it allows the distinction between cellular autofluorescence and background fluorescence [1].

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

OPTIONAL: 
1.3. Yukaka Yawaba: This technique can potentially contribute to the identification and phenotypic analysis of pathogenic microbes [1].

1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

OPTIONAL: 
1.4. Yutaka Yawata: This technique can also be applied to the study of the phenotypic heterogeneity or the monitoring of the physiological status of microbial populations of interest [1].

1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

Introduction of Demonstrator on Camera

1.5. Yutaka Yawata: Demonstrating the procedure with Kyosuke Takabe will be Tomohiro Hirayama, a graduate student from my laboratory [1][2].

1.5.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
1.5.2. Named demonstrator(s) looks up from workbench or desk or microscope and acknowledges camera
1.6. 

Protocol
2. Microscope Setup

2.1. For confocal reflection microscopy and multichannel confocal microspectroscopy setup, connect a confocal microscope with descanned spectral channels to a photomultiplier tube [1].

2.1.1. WIDE: Talent connecting microscope to detector

2.2. Equip the microscope with a high numerical aperture objective with an adequate magnification [1-TXT] and equip the microscope with a half-reflection mirror to accommodate confocal reflection microscopy, which relies on the cellular scatter of incident light to visualize cell morphology [2].

2.2.1. Talent attaching objective to microscope TEXT: e.g., 63x with NA > 1.4
2.2.2. Talent attaching half-reflection mirror to microscope

2.3. For multichannel confocal microspectroscopy, equip the microscope with dichroic mirrors [1] and use a laser power meter to adjust the illumination intensity for each excitation wavelength [2].

2.3.1. Talent attaching mirror(s) to microscope Videographer: Important step
2.3.2. Talent adjusting illumination Videographer: Important step

2.4. Then set the output under the microscope to be constant through the excitation wavelengths [1-TXT].

2.4.1. Talent setting output Videographer: Important step TEXT: e.g., 50 microwatts with 63x objective

3. Image Acquisition

3.1. To image the bacteria through the microscope, set the pinhole size to 1.0 airy unit in the microscope software [1] and set the pixel dwell time for each excitation wavelength [2].

3.1.1. WIDE: Talent setting pinhole size, with monitor visible in frame
3.1.2. SCREEN: screenshot_1: 00:14-00:19

3.2. Set the scanning resolution. For small cells such as bacteria, use a scanning area of 1024 x 1024 [1].

3.2.1. SCREEN: screenshot_1: 00:20-00:26

3.3. Set the Z-scanning range so that the region of interest is covered [1] and, using a spectral window of 8-10 nanometers, set the descanned detector to capture the visible wavelength range [2].

3.3.1. SCREEN: screenshot_1: 00:27-00:54 Video Editor: please speed up
3.3.2. SCREEN: screenshot_1: 00:54-01:17 Video Editor: please speed up

3.4. Then acquire multichannel confocal microspectroscopy images in a sequence from longest to shortest excitation wavelengths to create Z-stacks of fluorescence images [1] and confocal reflection microscopy images [2] and save the images in 16-bit tiff format [3].

3.4.1. SCREEN: screenshot_1: 01:24-01:40 Video Editor: please speed up
3.4.2. SCREEN: screenshot_1: 01:41-02:14 Video Editor: please speed up
3.4.3. SCREEN: screenshot_1: 02:15-02:43 Video Editor: please speed up

4. 2D Image Analysis

4.1. To perform cell segmentation and the reconstruction of single-cell innate fluorescence signatures, open an appropriate image analysis software program [1] and double-click to open one of the provided scripts [2-TXT].

4.1.1. WIDE: Talent opening software, with monitor visible in frame
4.1.2. SCREEN: screenshot_2: 00:17-00:25 TEXT: i.e., Script2D.m

4.2. Under the Editor tab, click Run. A folder selection window will appear [1].

4.2.1. SCREEN: screenshot_2: 00:26-00:33

4.3. Select the directory in which the z-stack images were saved and click Open. A dialogue box prompting the input of the segmentation parameter will automatically appear [1].

4.3.1. SCREEN: screenshot_2: 00:34-00:43

4.4. Set the Threshold of Image Binarization to 0-1, the Image Binarization to 0.45, the Upper Threshold for A Cell Region to 200, the Lower Threshold for a Cell Region to 10, and The Number of Detectors to 32. A dialog box requesting input for the number of excitation wavelengths will appear [1].

4.4.1. SCREEN: screenshot_2: 00:44-00:51

4.5. Input the number of wavelengths used for the image acquisition and click OK. A dialog box that requesting input for the excitation wavelengths will appear [1].

4.5.1. SCREEN: screenshot_2: 00:52-00:56

4.6. Enter the excitation wavelengths in sequence from shortest to longest and click OK. A new image window presenting a confocal reflection microscopy image will appear [1].

4.6.1. SCREEN: screenshot_2:  00:57-01:18 Video Editor: can speed up

4.7. Select an arbitrary background region to use for the background subtraction and draw a rectangle within the confocal reflection microscopy image. Double-click within the selected region to confirm the selection [1] and locate a new directory named Signature [2]. 

4.7.1. SCREEN: screenshot_2: 01:19-01:37 Video Editor: please speed up
4.7.2. SCREEN: screenshot_2: 01:50-02:14 Video Editor: please speed up

5. Statistical Analysis 

5.1. To perform dimensional reduction techniques, create an empty directory [1] and name the directory “Parent_directory” [2].

5.1.1. WIDE: Talent creating directory, with monitor visible in frame
5.1.2. SCREEN: screenshot_3: 00:00-00:10

5.2. Store the fluorescence signatures of each of the two cell populations into two separate directories and open the command line interface of the workstation [1].

5.2.1. SCREEN: screenshot_3: 00:10-00:25 Video Editor: can speed up

5.3. Enter the command [2]. When Select target directory is displayed, select the Parent_directory [1].

5.3.1. SCREEN: screenshot_3: 00:30-00:57 Video Editor: please speed up
5.3.2. SCREEN: screenshot_3: 01:09-01:16 

5.4. Then, in the Parent_directory folder, locate the PCA.png file, which will contain the resulting principal component analysis plot [1].

5.4.1. SCREEN: screenshot_3: 01:16-01:28

Protocol Script Questions
A. Which steps from the protocol are the most important for viewers to see? 
2.3., 2.4.

B. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
3.3., 4.4.


Results
6. Results: Representative Interspecies Segmentation and Variability Analyses

6.1. Here a typical single-cell fluorescence signature [1] of a bacterial cell presented as a traditional spectrum plot [2] and as a heatmap is shown [3].

6.1.1. LAB MEDIA: Figure 1A
6.1.2. LAB MEDIA: Figure 1A Video Editor: please emphasize graph
6.1.3. LAB MEDIA: Figure 1A Video Editor: please emphasize heatmap
 
6.2. In this figure, an accurate 2D cell segmentation superimposed over the original confocal reflection microscopy image of a population of soil bacteria can be observed [1] with the resulting innate fluorescence signatures for the population presented as a heatmap [2].

6.2.1. LAB MEDIA: Figures 1B and 1D Video Editor: please emphasize Figure 1B
6.2.2. LAB MEDIA: Figures 1B and 1D Video Editor: please emphasize Figure 1D

6.3. Note that the intrapopulation variability was relatively minor following successful cell segmentation [1].

6.3.1. LAB MEDA: Figures 1B and 1D Video Editor: please emphasize lack of “outlier” bands from about 514-633 of heatmap in Figure 1D

6.4. Here an example of inaccurate cell segmentation is shown superimposed onto the same population of P. putida as previously shown [1].

6.4.1. LAB MEDIA: Figure 1C

6.5. The impact of the inaccurate cell segmentation on the innate fluorescence signatures of the population is readily apparent from the considerable number of outliers observed in the corresponding heatmap [1].

6.5.1. LAB MEDIA: Figure 1E Video Editor: please add/emphasize red triangles/lanes emphasized by red triangles

6.6. Inaccurate cell segmentation results in a looser cluster after principal component analysis [1] compared to the tight cluster obtained following accurate cell segmentation [2].

6.6.1. LAB MEDIA: Figure 1F Video Editor: please emphasize red data points
6.6.2. LAB MEDIA: Figure 1F Video Editor: please emphasize blue data points

6.7. Despite the minor variabilities of innate fluorescence signature observed within individual bacterial strains [1], each population forms a distinct cluster on the principal component analysis plot [2].

6.7.1. LAB MEDIA: Figures 2A and 2B Video Editor: please sequentially emphasize Figure 2A and Figure 2B
6.7.2. LAB MEDIA: Figure 2C Video Editor: please sequentially emphasize red and blue data points

6.8. In this figure, an accurate 3D cell segmentation superimposed over the original confocal reflection microscopy image of a population of budding yeast Saccharomyces cerevisiae YM4271 (Y-M-four-two-seven-one) can be observed [1].

6.8.1. LAB MEDIA: Figure 3A

6.9. Note the lack of outliers in the resulting innate fluorescence signatures for the population [1].

6.9.1. LAB MEDIA: Figure 3B



Conclusion
7. [bookmark: _Hlk27388131]Conclusion Interview Statements

7.1. Tomohiro Hirayama: It is essential to acquire as clean as possible an image by confocal microscopy and to avoid signal intensity saturation, as noise can spoil the accuracy of subsequent analyses [1].

7.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera (2.4.)

7.2. Tomohiro Hirayama: You can also train machine learning models with the innate fluorescence signature dataset for use in classification or prediction tasks, offering a tag-free population analysis and phenotype prediction [1].

7.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
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