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Dear Author(s),
This document is divided into a number of sections in which you can add your comments to the video, voiceover, and online text/PDF.   Please be aware that our policy is to do a single complimentary revision, so it is critical that all participants in this project offer their comments collectively.   In addition, please make sure that your comments are easily interpreted and transparent. 
Have fun!
Protocol Name: 
Date: Automated 3D Optical Coherence Tomography to Elucidate Biofilm Morphogenesis over Large Spatial Scales
Authors and Affiliations
Please fill in any missing author information not included in the video.
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Video Comments
Please fill in any comments you wish to make using the table below using the example as a guide.  If you need more space to write, please do so below the table.  DO NOT ADD CORRECTIONS TO THE NARRATION HERE.  PLEASE DO THIS IN THE AUDIO COMMENTS SECTION.

	
	Time code
	Comment
	Requested Change

	Example
	2:52
	Onscreen text says use 0.25 mM Fluo-4  
	Text should say use 0.50 mM Fluo-4

	1.
	01:18
	Add section (overview)
	Add a section (II. Overview of Experimental Setup). Change section II to section III…

	2.
	01:20
	Insert overview of experimental system (Foto)
	Use arrows to highlight the positioning device, the flume experiment, the OCT head and the OCT base unit. Synchronize arrows with audio.

	3.
	01:21
	Replace MED with SCREEN
	Replace video (talent connects device) with new screen 
recording (3.1.1) of github page. TEXT: https://github.com/ grbl/grbl/wiki/Connecting-Grbl


	4.
	01:30
	Remove MED, keep SCREEN
	Remove MED but keep SCREEN 3.2.1 (gitlab)

	5.
	01:54
	MED
	insert MED (originally 1:26-1:30) here. Add TEXT: http://IP:5020/

	6.
	01:59
	Remove MED from 01:59 – 02:12
	

	7.
	02:50
	Move MED from 01:59-02:12 here
	Add arrow to highlight immersion adapter (white part of OCT probe).

	8.
	03:00
	Remove SCREEN (03:00-3:19)
	Show SCREEN 5.5.1 (originally: 3:19-3:48)

	9.
	3:48
	Replace SCREEN (3:48-04:21)
	New SCREEN recording (5.7.1) provided by authors. Highlight cells in code synchronous with revised audio.

	10.
	3:48
	MOVE MED (originally 4:56-5.03, Depetris: These two parameter…) here.
	Move MED 5.7.2 here

	11.
	4:22
	Freeze SCREEN at 4:22 and highlight synchronous with new audio (“As highlighted…”)

Unfreeze after new audio
	Highlight cells in screen recording synchronous with audio (MakeScan ->”acquire a single OCT scan…, MakeScan(params… -> acquire a single scan specifying a different set of parameters
MakeMoveScan -> provide specific coordinates

	12.
	4:27
	Insert MED (originally 2:50-2:57)
	Insert media showing how OCT moves once (could also be shown in small video above SCREEN recording)

	14.
	4:32
	Continue with SCREEN in synchrony with audio (“data is saved…”)
	

	15.
	5:04
	Show SCREEN
	New screen recording provided by authors (5.10.1). Highlight cell (positions=…) synchronous with audio (“Alternatively, specify a list…”).
Then, highlight cell (for p in positions…) with audio (acquire the respective scans automatically).


	16.
	05:04
	Insert MED
	Insert MED (5.10.2) in which OCT moves to several distant* locations (could also be shown in small video above SCREEN recording)
*there should be another MED available in which OCT moves to several locations closeby (in a tiled pattern).

	17.
	05:08
	Show SCREEN
	New screen recording provided by authors (5.11.1). Highlight cell (multipleScan…) synchronous with audio (“acquire scans in a mosaic pattern..)


	18.
	05:08
	Insert MED
	Insert MED in which OCT moves to closeby locations (in a tiled pattern) (could also be shown in small video above SCREEN recording)


	19.
	5:50
	Replace SCREEN
	Replace screen recording from 5:50 – 7:01 with new screen recording provided by the authors. (6.4.1)

	20.
	7:37
	Replace SCREEN 
	Replace with new screen recording (6.6.1). Show final result of stitching.

	21.
	8:08
	ADD LABMEDIA
	Add new LABMEDIA (7.2.1, time lapse morphogenesis) provided by authors. Please show the panels one after the other in timelapse style.

	22.
	8:14
	
	Add x-axis labels (distance) from LABMEDIA shown at 8:35 

	
	
	
	

	
	
	
	

	
	
	
	


Audio Comments
This section is used to specify the changes that need to be made to the narration.   Please follow the example below as a guide to list your changes. If there is a pronunciation change, please provide a phonetic pronunciation key.  
	
	Time code
	Comment
	Step(s) in Shotlist 
	Rewritten Text or Corrected Pronunciation (highlight in bold)

	Example
	1:49
	Original Script Text: 
“Then, show the participant their electromyography, or EMG patterns, which correspond to eight specific and unique polar plots.”
	2.2
	Rewritten Script Text:
“Then, show the participant the unique and specific polar plots, which correspond to their electromyography, or EMG (pronounced E-M-G) patterns.”

	1.
	1:18
	NA
	2.1
	Here is an overview of the installation. The system is composed of a precision positioning device, the OCT probe and the OCT base unit. The system is assembled around a plexiglass flume.

	2.
	1:21
	Original: Begin by connecting the positioning device to a microcontroller board by following along with instructions posted on github.
	3.1 (new)
	Rewritten:
Begin by wiring the positioning device by following along with instructions posted on github.

	3.
	1:30
	Original: Then, connect the microcontroller to a single-board computer with internet connection using a USB cable. [1] Once connected, install the GRBL server as described in a separate github page.[2-TXT]

	3.2
	Rewritten: Once connected, install the GRBL server as described in a separate gitlab page.[2-TXT] 


	4.
	01:59
	Original: Using a compatible dove-tail holder, mount the optical coherence tomography probe to the positioning device.[1] If required, install an immersion adapter on the objective lens.[2-TXT
	4.1
	Remove.

	5.
	02:12
	Next, position the computer and the OCT base unit on a bench next to the experimental setup containing microfluidic devices, flow chambers, flumes, and filtration systems. [1] Make sure that the optical cord is long enough to reach all intended locations and that it does not interfere with the experimental setup.[2]

	4.1
	Rewritten: Position the computer and the OCT base unit on a bench next to the experimental setup containing microfluidic devices, flow chambers, flumes, or filtration systems. [1] Make sure that the optical cord is long enough to reach all intended locations and that it does not interfere with the experimental setup.[2]


	6.
	02:50
	Original: To begin image acquisition, power on the OCT system and the positioning device… Make sure that the device can move freely. [1]

	5.1
	Rewritten: To begin image acquisition, mount the optical coherence tomography probe to the positioning device using a compatible dove-tail holder.[1] If required, install an immersion adapter on the objective lens. Then, power on the OCT system and the positioning device… 


	7.
	3:00
	Remove: Next, open the file config.json in a text editor. Edit the config.json file to adjust the image acquisition parameters including the refractive index, scan speed, and the destination folder for acquired data and metadata.[1]
Set the signal boundaries of the OCT scan based on intensity histograms of preliminary scans. Then, navigate the OCT probe to a site of interest.

	
	

	8.
	3:29
	Original: Once the site has been located, open the commercial OCT software, focus on the sample, and adjust the reference arm and light source intensity for optimal image quality. Note the coordinates and repeat this procedure for a number of positions while maintaining the same reference arm length and intensity. [1]

	
	Rewritten: Open the commercial OCT software, locate a site of interest, focus on the sample, and adjust the reference arm and light source intensity for optimal image quality. Note the coordinates and repeat this procedure for a number of positions while maintaining the same reference arm length and intensity. [1]


	9.
	3:48
	Preplace: Next, open the ImageAcquisition.ipynb file found in this article’s supplementary file 2 in Juypter Notebook. .. Each cell contains code to perform specific tasks and can be run separately via pressing Cell and then Run, or Control and Enter or Shift and Enter. [1] …
With the file open, set the path to the required library configuration parameter… connect to the positioning device… initialize the OCT scanner… and then calibrate the positioning device. [1]

	
	Rewritten: Next, open the ImageAcquisition.ipynb file found in this article’s supplementary file 2 in Juypter Notebook… Each cell contains code to perform specific tasks and can be run separately via pressing Cell and then Run, or Control and Enter or Shift and Enter. [1]
Follow the worked example to set the path to the required libraries… to connect the positioning device… to calibrate the positioning device … to initialize the OCT scanner… . 
Then, adjust the acquisition parameters including the refractive index, the size of the field-of-view and the number of A-scans per B-scan. Further set the signal boundaries of the OCT scan based on intensity histograms of preliminary scans and the destination folder for acquired data and metadata.[1]
Depending on the Field of View and resolution, the file size may reach up to 1.5 GB per OCT scan.

	10.
	4:22
	Remove: Then, define the size of the field-of-view and the number of A-scans per B-scan. [1]

	
	Add: As highlighted in the worked example, you may acquire a single OCT scan with default parameters… or acquire a single scan specifying a different set of parameters…. You may also provide specific coordinates to move the positioning device and acquire a single OCT scan. This feature allows you to repeatedly return to the exact same position in the experiment with high spatial accuracy.


	11.
	4:38
	Remove: Depending on settings such as FOV and resolution, file size may reach up to 1.5 GB per OCT scan.[1-TXT]

	
	

	12.
	05:04
	
	
	Add: Alternatively, specify a list of positions of interest and acquire the respective OCT scans automatically.


	13.
	05:08
	
	
	Add: In order to characterize biofilm morphological structures across large environmental gradients, acquire scans in a mosaic pattern. For this, specify the number of neighboring tiles with a default overlap of 30%.


	14.
	5:50
	Original: Next, correct for spherical aberration. To accomplish this, the algorithm defines a grid of 20 by 20 vertical lines regularly spaced across the xy-plane of the scan. Then, a circular area around each point is selected and averaged along the vertical profile. 
A modified Gaussian filter is then applied to each vertical profile.  This will identify local maxima in the signal intensity and show the position of the highly reflective reference surface. Misidentified points are filtered based on the positions of their neighbors in three dimensions  [1]
Next, fit a 2nd order polynomial surface reflecting the distortion introduced by the scan lens across these points… Use this fitted surface to shift each pixel in the z-direction, thus obtaining a flattened image. The parameter of this algorithm should be adjusted to the characteristics of the OCT probe.[1]
Once the image has been flattened, the images are corrected for background noise by identifying an empty area of the image above the biofilm and calculating the average background intensity.[1]

	6.4
	Rewritten: Next, correct for spherical aberration. To accomplish this, the algorithm localizes a highly reflective, flat surface in the OCT scan and uses this as reference to flatten the scans. Across a 20 by 20 grid, the algorithm then identifies local maxima in signal intensity to localize the reference surface. Then a 2nd order polynomial surface is fitted across these points and used to shift each pixel of the OCT scan in z-direction. The parameters of this algorithm should be adjusted to the characteristics of the OCT scan. This correction enables a homogeneous reference surface across multiple images and thus facilitates stitching of large-scale images.
Once the image has been flattened, the images are corrected for background noise by identifying an empty area of the image above the biofilm and subtracting average background intensity.

	15.
	7:01
	Original: Next, a reference surface, such as the substratum, is defined and an elevation map is computed from the 3D OCT dataset.
Threshold the corrected images and calculate the height of the biofilm for each coordinate of the binary mask. Biofilm height is then assigned to a 2D matrix of the size of the original image in x and y directions. Then, an image is rendered in which the elevation of the surface is reported as grayscale value. [1]
	6.5
	Rewritten: Next, compute an elevation map from the 3D OCT dataset. In order to do so, define a reference surface such as the substratum and choose an appropriate intensity threshold. Then, an elevation map is rendered with the height of the biofilm reported as grayscale value. [1]


	16.
	7:37
	
	
	Add narration: If images were acquired in a mosaic pattern, stitch the respective elevation maps by applying the stitching algorithm.


	17.
	7:57
	Audio: …streak biofilms…
	
	Stream biofilms

	18.
	8:08
	
	
	Add: The high spatial accuracy allows us to follow the morphogenesis of biofilm features over time. 

	19.
	
	
	
	

	20.
	
	
	
	


Online Text/PDF Protocol
Please use this table to address changes that need to be made to the online text/PDF document. Both the online text and PDF are generated from the HTML template of your article. Since the PDF is generated from the HTML by our conversion software, it may contain formatting errors. For major structural changes or more than 10 spelling or grammatical mistakes, we will require re-upload of the entire document.     
	
	Protocol Step
	Comment
	Requested Change (highlight in bold)

	Example
	1.1
	Step says “Centrifuge lysate at 2,000 x g.”
	Please correct to “Centrifuge lysate at 4,000 x g.”

	1.
	3.2
	Open the file config.json in a text editor. Edit the config.json file to adjust image acquisition parameter (Table 2), such as the refractive index
(1.33 for water at 20 °C, 1.00 for air), scan speed, as well as the destination folder for acquired data and metadata.
	Open the file config.json in a text editor. Edit the config.json file to adjust default image acquisition parameter (Table 2), such as the refractive index
(1.33 for water at 20 °C, 1.00 for air) and the destination folder for acquired data and metadata.

	2.
	3.6.1
	Set the path to the required library configuration parameter.
	Set the path to the required libraries and the default configuration parameters. Alternatively, define a new set of temporary parameters.

	3.
	4.3 
	Equation missing
	2 Equations missing in pdf

	4.
	Figure 5
	Wrong axis labels
	Please exchange with new Figure (axis labels corrected) uploaded by authors

	5.
	Discussion
	Original: The high positioning accuracy (within 0.02 μm; Figure 5)
	Rewritten: The high positioning accuracy (within 16 μm; Figure 5)

	6.
	Abstract
	..inference of large scale patterns in biofilm research.
	..inference of large scale patterns in biofilm morphology.

	7.
	Abstract
	the in situ and non-invasive autonomous monitoring of biofilm development and
	the in situ and non-invasive automated monitoring of biofilm development and

	8.
	Introduction
	The installation permits the automated acquisition of several OCT
	The installation permits the acquisition of several OCT

	9.
	
	A Jupyter notebook is a web browser based application which contain cells with annotated Phyton code
	A Jupyter notebook is a web browser based application which contain cells with annotated Python code

	10.
	
	Each step is contained in a cell of the notebook, which can be executed separately (e.g., by pressing Cell | Run, or with the key sequence: Ctrl + Enter or Shift + Enter).
	Each step is contained in a cell of the notebook, which can be executed separately.

	11.
	Protocol 1.2
	be navigable from a webpage hosted at http:// IP:80/
	be navigable from a webpage hosted at http:// IP:5020/

	12.
	4.3
	Correct for spherical aberration. This is accomplished by an algorithm which identifies a highly reflective reference surface known to be flat (e.g., bottom of the flume, substratum). First, define a grid of 20×20 vertical lines regularly spaced across the xy-plane of the OCT scan. Select a circular area around each point and average along the vertical profile (Figure 2B). Apply a modified Gaussian filter to each vertical profile, in order to identify local maxima in signal intensity (i.e., the position of the highly reflective reference surface). The vertical profiles are filtered as follows: [EQUATION]
	Correct for spherical aberration. This is accomplished by a correction algorithm that utilizes a highly reflective reference surface known to be flat (e.g., bottom of the flume, substratum). First, the algorithm defines a grid of 20×20 vertical lines regularly spaced across the xy-plane of the OCT scan. Then, it selects a circular area around each point and average along the vertical profile (Figure 2B). The vertical profiles are processed with a modified Gaussian filter: 
[EQUATION]


	
	4.3
	Misidentified points are filtered based on the positions
	The reference surface is localized as local maxima in each of these profiles. Misidentified points are filtered based on the positions

	
	4.3
	The parameter of this algorithm should be adjusted to the characteristics of the OCT
	The parameters of this algorithm should be adjusted to the characteristics of the OCT

	
	4.4
	Identify an empty area of the image (typically above the biofilm) and calculate the average background intensity, which is then subtracted from the intensity values of the image to produce a final corrected OCT image (Figure 2D).
	Identify an empty area of the image (typically above the biofilm) and utilize the correction algorithm to subtract the average background intensity from the intensity values of the image to produce a final corrected OCT image (Figure 2D).

	
	4.5
	Define a reference surface (e.g., the substratum) and compute an elevation map from the 3D OCT dataset. In this step, the corrected images are thresholded and the thickness of the biofilm is calculated for each coordinate (x,y) of the binary mask (Figure 3A).
	Compute an elevation map from the 3D OCT dataset. In this step, define a reference surface of interest for the specific experiment (e.g., the substratum) and an appropriate threshold intensity. Then, utilize the elevation map calculation algorithm to calculate the thickness of the biofilm for each coordinate (x,y) of the binary mask and assign it to a new 2D matrix  (Figure 3A).

	
	4.6
	define the number of rows and columns and stitch the elevation maps
	define the number of rows and columns and stitch the respective elevation maps

	
	Representative results
	The temporal development and structural differentiation of biofilm was monitored over 10 days
	The temporal development and structural differentiation of biofilm was monitored over 15 days

	
	Representative results
	of hydrodynamic conditions on biofilm morphogenesis. Surface morphology
	of hydrodynamic conditions on biofilm morphogenesis. Figure 4 [[NEW]] demonstrates the development of a biofilm microcolony followed over 18 days of growth. Surface morphology

	
	Table 1
	A python library to control the positioning device. It contains definitions for navigating and homing the device
	A Python library to control the positioning device. It contains definitions for navigating and homing the device

	
	Table 1
	Jupyter notebook to visualize, correct and process OCT scans. This also contains an example data analysis (calculation of biovolume).
	Jupyter notebook to visualize, correct and process OCT scans. This also contains an example of biovolume calculation.

	
	Discussion
	The automated OCT imaging system described in this protocol extends the surface area characterized by OCT to several square centimeters, effectively enabling us to monitor biofilm morphological differentiation over a relevant range of spatial scales (from few millimeters to several centimeters). 
	The automated OCT imaging system described in this protocol extends the surface area characterized by OCT to several square centimeters, effectively enabling to monitor biofilm morphological differentiation over a relevant range of spatial scales (from few millimeters to several centimeters). 

	
	Discussion
	allows to accurately monitor the structural development of biofilms over extended periods of time, effectively
	allows to accurately monitor the structural development of biofilms over extended periods of time (Figure 4), effectively

	
	Discussion
	However, both hard- and software were designed to provide full modularity of the individual parts.
	Both hard- and software were designed to provide full modularity of the individual parts. 

	
	Discussion
	The system is optimized to work autonomously, however, initial settings and if necessary, the adjustment of focus and illumination, are still required. This
	The system is optimized to work autonomously, however, initial settings and if necessary, the manual adjustment of focus and illumination, are still required. This

	
	Discussion
	Full automation, including software-guided focusing and adjustment of illumination may however be achieved using similar principles (e.g., stepper motors and software- hardware feedbacks) as described here.
	Full automation, including software-guided focusing and adjustment of illumination may however be achieved using similar principles (e.g., stepper motors and software- hardware feedbacks).

	
	Representative results
	Insert new figure 4 and update Figures numbers across the text
	Caption: Figure 4. Representative images showing the morphogenesis of a biofilm colony. The same location of a phototrophic freshwater biofilm was scanned with OCT each 3 days for a total of 15 days. The accuracy of the positioning device allows to monitor both rate of biovolume accumulation, changes in shape over time and the movement of the growing colony in the flow direction.


�Will be uploaded by authors.
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