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_______________________________

Reviewer #1:
Manuscript Summary:
The manuscript describes culture-based approaches to characterize competitive interactions between bacterial isolates, along with approaches for analyzing and presenting the data obtained. Although the manuscript focuses on Vibrio fischeri, there are comments related to how these approaches could be applied to other non-related bacterial isolates.

Major Concerns:
I don't have any major concerns. It seems that the procedures, controls, and supplies/equipment are explained as needed in a manner that would allow someone to implement the procedure with Vibrio fischeri or modify the procedure for other bacteria. I have a few suggestions in the "minor concerns" section for ways the procedure might be clarified.

Minor Concerns:

1. Since this technique could be modified for other types of bacteria, maybe changing the title to suggest this possibility would be good.

Response: We agree that it is important to convey to readers that this technique can be applied to other bacteria, which is why we use more general language in both the summary and abstract.  However, we decided to name the species (Vibrio fischeri) in the title because JoVE instructions to authors indicate that the model organism name should be included.


2. section 1.4: Why incubate overnight?

Response: Incubating overnight allows cultures to grow to a high enough density on plates to easily obtain enough cells to set up the coincubation assay. Because this incubation time is optimal for V. fischeri, we made a note that this step can be optimized and more or less time may be required to obtain sufficient cells depending on the growth rate of the organism of interest. See lines 124 and 126.

3. section 2.1.1: Are the cells gathered from individual colonies or the heavy streak?

Response: For each biological replicate, all cells scraped from the agar plate have grown up from a single original colony picked in step 1.4, and are therefore clonal. At this point cells gathered from either individual colonies or the heavy streak would be appropriate as they should be clonal. 

4. section 2.1.2: How long can you vortex or pipette before the cells are damaged? In other sections it is indicated that the pipetting action should be normalized between samples. Maybe including that information here as well would be useful.

Response: The cells should not be damaged by pipetting or vortexing in these assays. In lines 233 and 234, we note that pipetting should be normalized between samples to ensure the sample is a homogenous mix of cells and each sample is processed in the same way. 

5. section 2.2.1: With the normalization of an OD of 1.0 equaling a certain number of CFU or bacteria/ml (which?), is this consistent between all strains of V. fischeri? The bolded text is usually highlighted as "Note:…" in other sections, it might be helpful to do that here as well? Also, indicating that the discussion holds more information about cell density might be helpful and conform to the structure of other sections.

Response: An OD of 1.0 translates to ~106 bacterial cells / mL for all of the V. fischeri strains tested (33 strains). However, this same OD value may not result in the same CFU for other species, which is why it is important to plate the T0.
We thank the reviewer for pointing out this discrepancy in the format in this section. We intended to bold only notes that indicate a step may require optimization. We have reformatted this section to be consistent with the rest of the document and clarified why some notes were bolded by adding a sentence in the introduction. See line 70.
. 
6. sections 2.3.3 and 2.3.4. If the spots for visualization and those for CFU/ml are not incubated for the same amount of time, how are these results reconciled? It would seem that they are measuring different things, but maybe clarifying in the text would be helpful.

Response: The reviewer makes an excellent point, that although visual and CFU data assess competition between bacterial strains, these data are collected at separate times and are fundamentally measuring different things. Fluorescent microscopy images are used to determine whether each strain is visibly detectable within the coincubation spot and if strains are spatially separated, while CFUs are used to determine whether one strain outcompetes the other and the mechanism used. Because of these two types of data are assessing different things, using different optimized times to collect these data is appropriate. To clarify this point, we have added a statement in the discussion describing why imaging after 24 h is a good way to screen interactions that reflect results obtained from CFU measurements. See lines 738 - 741.

7. section 2.3.4: is there anything special about how the 24-well plates are prepared, is it similar to the larger petri plates where one needs to be careful about agar moisture, etc.? Are there any special tips for dealing with the 24-well plates?

Response: 24-well plates are prepared in the same manner as standard petri plates, and the same consideration of agar moisture applies to both types of plates. We agree with the reviewer that it would be helpful to state this in the manuscript and have added a statement addressing this point and referencing step 2.3.3, which discusses appropriate agar moisture in detail. See lines 181-184 and 187-188.

8. Lines 308-309: It might be helpful to the reader to indicate that the reference strain in the control incubation labeled with the same marker as the reference strain in the experimental? I know it seems obvious, but stating in some way might be useful.

Response: If the reviewer is referring to the sentence stating “Repeat this process for each time point and replicate for both the experimental treatment and the control treatment (reference strain vs reference strain)”, then we have edited this statement to say (differentially-tagged reference strain coincubation). See line 339.

9. section 4.2.2 and later sections with equations: Earlier in the manuscript RS and CS are defined. I know it is typical to define abbreviations the first time and then not after in a manuscript, but for a methods-type paper it might be helpful to put the definition in each section where it appears as people may just skip around for the most relevant analysis and then have to search for the definition.

Response: We agree with the reviewer that defining RS and CS in each section in which they appear would be helpful for readers, in particular those that may use only one of the data analysis methods included here. This change has been included throughout the manuscript. See lines 363-378 and line 430.

10. Lines 411-412: modifications/modified used twice in the sentence.

Response: We thank the reviewer for pointing out this grammatical issue and have changed the wording of this sentence. See lines 466-470.

Reviewer #2:
Manuscript Summary:
The manuscript JoVE 59759 written by Spear et al,. describes an efficient and simple method to investigate the competition between two different species. The author uses two different strains of Vibrio fischeri to illustrate the protocol. Based on different antibiotic cassette (kanamycin vs chloramphenicol) and different fluorescent proteins (GFP vs dsRed) they are able to show, by quantitative (CFU) and visual (fluorescence) approaches, the antagonistic interactions between both strains. I appreciate that the authors distinguished between contact-dependent and contact-independent competition. They also provide some clear advices to represent data by using graphical tools and statistical analysis.

The overall manuscript is well written, the cited literature is supporting the author's explanations and the advices given are judicious.
The Title : "Coincubation assay for quantifying competitive interactions between Vibrio fischeri isolates" is in agreement with the information provide in the abstract and describe well the purpose of this protocol.
The procedure is clear and well explained. Even laboratories that are not familiar with bacterial competition should be able to apply this protocol.

Minor Concerns:
I have few comments regarding the manuscript:

1. Step 2.3.1: The authors should add a control of each strains (reference and competitor) alone to test at T=0 (Step 2.4) and T=5 (Step 2.5) if each strain has not acquired any mutation that could confer spontaneous antibiotic resistance.

Response: We thank the reviewer for pointing out this control that we had not considered adding to the protocol. We agree that this is an important control to include during initial optimization of the coincubation assay and should be included in the protocol. We have added a description of this control, see lines 109-112 and 263-266.

2. Step 2.3.3 NOTE: authors could also advice not to use plate dried for too long to avoid the formation of small waves at the plate surface. These structures make difficult to get a nice circular spot (may be important for the visual representation).

Response: We agree with the reviewer that moisture of agar plates, whether they are too moist or too dry, is important to discuss. We have added further detail describing why using plates that are too dry should be avoided. See lines 181-184.

3. Step 2.3.4: To facilitate the resuspension, and to avoid 24-well plates, square sterile filter pieces (1cm x 1cm) can be deposited on an agar plate and strains can be spotted on the filter. Then the filter can be removed after 5h of coincubation and transferred into an Eppendorf tube to resuspend the colony by vortexing or pipetting up and down.

Response: We thank the reviewer for pointing out this optional modification and agree that using sterile filter pieces is a more economical approach. We have added an optional modification step describing the use of sterile filters in place of 24-well plates. See lines 199-203.

4. Step 2.4.2: To prevent overgrowth of the bacteria during the time to perform serial dilution (especially during long experiment), authors should advice to use phosphate buffer saline (PBS) instead of LB or LB supplemented with a bacteriostatic antibiotic.

Response: We agree with the reviewer that this would be an appropriate recommendation for researchers using particularly fast growing bacterial species or performing large experiments. In our experience, performing a serial dilution does not tend to be a particularly long process, typically taking between ~10 and 30 minutes. This duration of time is less than a doubling time for V. fischeri at room temperature. Because of this we find LBS is an appropriate medium with which to resuspend the coincubation spots. However, we agree using PBS may be beneficial when working with other, faster growing bacteria, and added a statement reflecting this in the text. We also included a statement recommending that researchers be consistent between experiments, using either PBS or LB / LBS in all experiments and not switching between the two. See lines 219-224.

5. NOTE L142-143: The authors use a 1:1 ratio between reference strain and competitor. They mention that this choice may need optimization. Even if this ratio is sufficient to records antagonistic interaction between V. fischeri isolates, in my opinion is better to use a higher amount of predator strain (4:1 or 10:1) to be sure that each prey is in contact with predator strain. Thanks to these ratios the killing observed should be more important.

We agree with the reviewer that a higher ratio of predator / inhibitor strain to prey / target strain ratio would result in a more dramatic killing phenotype and have included data and a description of the significance from such a ratio in Figure 6A and lines 748-758. We typically use a 1:1 ratio to account for killing as well as other ecologically relevant interactions between strains, such as growth rate. For example, if the killer is a faster grower than the target, using a higher ratio of killer to target can make it difficult to differentiate competitive outcomes due to killing vs growth rate. Ideally researchers will test multiple starting ratios to optimize the assay for answering their specific question. We have added text to the discussion section on starting ratio to emphasize when a higher ratio of inhibitor to target is ideal to use. See lines 756-758.

6. L627-628: As mentioned by the authors, the optimal culture conditions should mimic the ones found in the natural environment of the isolate (L627-628). Nevertheless some strains are naturally competent in their environment (e.g Vibrio fischeri, Vibrio cholerae when they are in chitinous surfaces (Pollack-Berti et al., 2010)(Meibom et al., 2005)). During antagonistic interaction performed in media from the environment (e.g sea water that could contain chitin particles e.g copepods) some genetic material can be released in the environment and incorporated in the genome of the competent species (Borgeaud et al., 2015). These phenomena should at least be cited, so the exchange of antibiotic resistance gene can be prevented during long contact experiment between two strains. Best would be to use mutants that have inactivate DNA uptake machinery.

Response: We thank the reviewer for pointing out how DNA transfer might affect experimental outcomes, and papers addressing it. We have included this point and the suggested references in the text and recommended using conditions that do not promote competence or strains that are not competent to avoid this potential issue. See lines 703-707.

7. L669: There is a mistake. 50 L reference strain mixed with 500 L strain 1 is not a 1: 5 ratio but a 1: 10 ratio.

Response: We thank the reviewer for pointing out this mistake and have edited the volumes included in line 669 (now line 752) to accurately describe a 1:5 ratio (50 l reference strain mixed with 250 l strain 1). 

In my opinion this protocol is highly useful and describe well all the steps to investigate antibacterial behavior between two different species / isolates. I would recommend to published this work in JoVE.

