[bookmark: _GoBack]Point by point response to reviewers: “Continuous measurement of biological noise in Escherichia coli using time-lapse microscopy.”

Editors’ Comments to the Authors: 
Associate Editor 
Comments to the Author: 
The reviewers see merit in this paper but they also have many commend and suggestions for improvement. Please consider in these in revising the paper. 

Reviewers’ Comments to the Authors:
Reviewer #1:

Manuscript Summary:
it is expected that this paper describes a method for computing biological noise from time-lapse experiments (microbial colonies proliferating on agar pads)

Major Concerns:

There is a strong discordance between what is announced in the title, i.e. a method for measuring biological noise and the content of the abstract/paper. Referring to the abstract, it appears that the methodology is focused on conducting time-lapse microscopy of microbial colonies on agar pads. In this respect, this contribution is not providing any new items, since the very same type of method has been published before in JoVE (please refer to https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3197447/)
We thank the referee for his important comment. We changed the title and make it more suitable for the paper.  We added the paper to our citation list. We also added a paragraph that emphases the difference between our work and the mentioned paper above. We also modified the summary and make it more suitable to the title and paper. 
 

Another very important drawback of this paper is that the type of noise that is considered is not described. Is it the intrinsic or the extrinsic component or both? When switching to the main part of the manuscript, it appears that the authors are more focused on the measurement of a signal-to-noise ratio. This is quite disappointing, because we expect a methodology for the effective measurement of biological noise and its different components. There is already a full mathematical framework available for predicting/computing biological noise, and this framework is never mentioned in this paper.
We agree with the referee. We added the noise type that is measured in this work. We also added an equation describes the SNR. We also cited several papers that describes such platforms:
1. Challenges in measuring and understanding biological noise 
2. A synthetic three-color scaffold for monitoring genetic regulation and noise
3. Gene Regulation at the Single-Cell Level
4. Noise propagation in gene networks.
5. Attenuation of noise in ultrasensitive signaling cascades.
6. Regulation of noise in the expression of a single gene.
7. Intrinsic noise in gene regulatory networks.

Minor Concerns:

In the introduction section, the main idea is hidden by too much information related to the reliability of gene circuits. This is of course an important aspect, since the main drawback in synthetic biology is the inherent noise related to the biochemical reactions. This aspect must be introduced more rapidly, in order to introduce the method that will be focused on the measurement of biological noise.
We agree with the referee, and we have changed the introduction. 
At the end, the authors are using a very simple GFP reporter. We would have expected a signal related to a more complex gene circuit.
We added a complex circuit we measured; PluxR promoter which is regulated by AHL-LuxR complex actives the production of LuxR and sfGFP-AAV.

The method relies on Matlab for the image analysis step. Why not an open source alternative, such as ImageJ (or Fiji) which is widely used among the scientific community.

Using Matlab allows us to automate all the segmentation process, we manually monitor the result of the segmentation but users of our software are not require to manually detect cells. ImageJ requires the user to mark all cells that will be investigated, we clarified this important comment in our article.



There are many sentences that are very difficult to understand (or that are incomplete), e.g. L49, L592…

The manuscript has been revised by ourselves and a scientific writing editor and we hope you will agree that the language is of a sufficient standard for publication.




Reviewer #2:

Manuscript Summary:
This manuscript provides a protocol to monitor cell growth and division as well as changes in gene expression via bright field imaging and fluorescence imaging of live E. coli cells, respectively, over a period of hours. The authors demonstrated an application of the protocol for measuring biological noise in synthetic gene circuit in E. coli cells.

Major Concern:

The major concern is clarity and lack of details.
We appreciate the referee comment and we adjusted and rewritten our protocol to clear all the details, we presented it to some colleagues and hope it is sufficiently clear with video steps

Time-lapse fluorescence microscopy of live E. coli cells is well established without much problems. This protocol claims limitations, due to the use of antibiotics in the experiment. Why not move the gene circuit of interest on the chromosome and avoid the use of antibiotics during imaging? Why do you need to image for 12+ hours? The limitations described by authors can be avoided. If they cannot be avoided, please explain why.
We added the following sentence to explain the need of using antibiotics. 
“Since the process of building a large genetic circuits requires assembly of many DNA parts is challenging, circuit components are often distributed between multiple plasmids at different copy numbers. Such process requires the use of several antibiotics”
Regarding the concern imaging for 12 hours, many of the synthetic gene circuits should dynamically operate for long time, and therefore there is necessary to image living cells for very long time.  
Some of the very general, well documented steps (e.g. Step 1 about making plates or media for bacteria) are described in detail, but the steps that are newly introduced in this protocol are written too briefly. For example:

1) Figure 1: getting cell segmentation using bright field images can be novel. Related, authors may discuss more about supporting figure 2-4.
We thank the referee for his comment and we added a paragraph that explain this step which can be found in supplementary materials.

2) Figure 9,10,11: The SnR analysis is novel and should be explained more clearly. Is SnR calculated for each cell? If so, is S fluorescence per pixel and R standard deviation of fluorescence among pixels?
We thank the referee for his comment and we added a paragraph and equation that explain SNR, it is calculated per cell, not per pixel. Each area range represent e.coli stage in division, the signal is extracted for each cell segmented in this range, the STD is calculated and then the mean signal for the area range is divide by the STD of the area range to acquire SNR for this range. We present four division ranges.

Minor concern:

Introduction is written too broad. It is also not clear whether there are other available methods and how this protocol compares with those. What are the advantages and limitations? The overall concept and overview of the protocol need to be clearly stated in the introduction.
We worked on the introduction, changed the flow and added more explanation on how this method is related and important to synthetic gene circuits

Method lacks a big picture, or the overview of the step 1-2-3-4-5.
We changed the flow of protocol and hope that it will be clearer with Jove video version of the protocol
For Step 3, provide the specifics that are more informative to users.

Materials can be found in Materials table as required by Jove rules

Figure 8: It is not clear why the two strains have different growth rate. If the genotype of the background strain is the same, the change in gap on the plasmid won't change the growth rate significantly.
We thank the referee for pointing this, on viewing our data we discovered this to be a mistake and corrected this.

Figure 9a-b: it is not clear why the authors binned cells by their size. Also the cell size varies with time, so "which" size did they use for the binning? (size at the initial time point?)

This classification process is similar to what we have in flow analyzer by using gating, and should provide us the normal cells, where our data is more relevant. We added a paragraph that explain why we classified the cells by their size, This method helps as to further remove artifacts which are not cells. We added a clarification for this.

“The process of classifying our data according to cell size is similar to the principles of gating in flow cytometry data analysis. Gates are placed around populations of cells with common characteristics, usually forward scatter and side scatter, to investigate and to quantify these populations of interest”. 


Reviewer #3:

The authors provide a protocol for imaging and tracking of single E coli cells while measuring expression of fluorescent proteins. It is a very useful resource and the protocol part of the paper is clear and detailed. I found the representative data section of the manuscript more difficult to follow as illustrated by my comments below. Most importantly, I couldn't find the MATLAB code anywhere in the submission. It has to be made available at the time of publication.
The Matlab files are loaded and are open source 
1) The result section is somewhat difficult to follow. For instance, Figures 6-8, 10,12-13 do not seem to be cited in the text. The authors should rework the result and discussion parts of the paper to make sure every statement is properly linked to a figure.
For instance, but not limited to:
- L465-467: Which figure do these statements refer to? Why is it lost in the 'Figures and Tables' section?
- L471-472: "The data suggest…". Which data? Which figure?
- L479-480 and throughout the manuscript: Please define all mathematical variables in the text.

We thank the referee and we worked on the result section, make it more readable 

2) What does "time per cell size" mean?
We added a clarification, we show several lines as per our gating of cell area by ranges we chose for our set-up and this histogram represent different stages in the division cycle. 

3) 586: "…Safe to assume they all divide at the same rate…". I disagree with the authors. Cell to cell variability in growth rate is well documented and variable phototoxicity that affect growth rate can also happen (due to levels of GFP expression for instance). The author have to either back up this claim by properly referencing their data or soften it.
We have soften the claim, we have seen as can be seen in microfluidic chips that Escherichia coli micro colonies on hard subtract exhibit a synchronize behavior as oppose to Escherichia coli in liquid solution in flow analyzer. We agree this is not always true if phototoxicity is not avoided.
