Oct 1, 2020

JoVE

Dear Editors: 

We are submitting our revised  method’s paper “Development and testing of species-specific quantitative PCR assays for environmental DNA applications” to
the special issue on DNA-Based Methods for Biodiversity Assessment. We revised the manuscript according to the recommendations of the reviewers (see below). We also changed the assay used to demonstrate the protocol as we will have this species in the lab for the video, and not the other species. We added text in the protocol to better demonstrate the “how” to do each step. We also added additional tables that we feel will greatly improve the manuscript including additional information on the assays we describe as suggested by one of the reviewers. Please see the following page for a response to each reviewer comment.

 As previously stated, we believe this protocol will aid researchers designing these assays by taking them through the steps to develop a well described and optimized assay. It also benefits  the end-users and  stake-holders who are investing in the use of eDNA detection for their survey or wildlife management projects, by increasing their confidence in an assay developed following this protocol. 

All authors have participated in the work, read, and approved this submission. This manuscript is not under consideration or publication in any other journal. 

As the authors are U.S. Geological Survey employees, this revised manuscript is currently going through internal USGS review, and it must be updated with data release and review information before publication. 


Sincerely,

Katy Klymus, Ph.D.

Research Biologist
Columbia Environmental Research Center
U.S. Geological Survey
4200 New Haven Rd.
Columbia, MO 65201
phone 573-876-1885
fax 573-876-1896
Kklymus@usgs.gov
http://www.cerc.usgs.gov/




1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or grammar issues.
Response: We have proofread and corrected errors.

2. Please rephrase the Summary to clearly describe the protocol and its applications in complete sentences between 10-50 words: “Here, we present a protocol to …”
Response: We have rewritten the summary to be within 50 words (49) to make it more concise. 

3. Please add more details to your protocol steps. Please ensure you answer the “how” question, i.e., how is the step performed?
Response: We have added detail and more specifics on software and procedures in order to better answer the “how”.

4. Much of the protocol contains general steps. We need specifics details in order to film. It may be best to illustrate one particular example with the protocol with the sequences provided and the specific user inputs for particular software included.
Response: We have added more detail and focus on a specific assay we designed to demonstrate the procedure.

5. The Protocol should contain only action items that direct the reader to do something. Please move the discussion about the protocol to the Discussion.

Response: Discussion items have been moved to the Discussion.
  
____________________________________ 
Reviewers' comments: 
Reviewer #1:  
Manuscript Summary: 
This manuscript is a paper describing a protocol for the design and testing of species-specific detection assays to their application. The work process is described in detail; however, some modifications are needed for publication. 
 

Comments:
L53: ""absolute" quantification" This is an exaggeration. It can't actually do absolute quantification.
Response: “absolute” quantification of target DNA in an eDNA sample” has been changed to “quantification of copies of target DNA per volume or weight of eDNA sample”.

L66-69: "Quantitative studies of correlations between eDNA concentration or flux and target species abundance in a natural setting must limit controllable sources of variation as much as possible, including fully optimizing and characterizing the qPCR assay" Limiting factors in the natural environment appears to be very difficult. Examples of specific factors and their rationale should be provided.
Response: We did not mean to suggest controlling natural sources of variation; the sentence has been clarified as follows: “Because there are many natural sources of variation in eDNA, quantitative studies must limit controllable sources of variation as much as possible, including fully optimizing and characterizing the qPCR assay3.”

L73: "between lab and field applications" This is a very important consideration. It should be discussed in more detail.
Response: We have expanded this section from Lns 73-105 to clarify the emphasis on this paper is the optimization of assay technical performance. We discuss how field conditions, environmental variables and different collection/ extraction protocols affect detection but should not directly affect the assay’s technical performance.  

L78-79: "Thalinger et al.'s level 4 of validation plus an additional step towards level 5. At this point an assay will be ready for regular use in field and lab applications." The citation has been given but should be specifically detailed.

Response: We added more detail regarding this citation and how it fits in with assay development.Ln 97-105.

In "PROTOCOL" , this protocol assumes the use of mitochondrial DNA, but it is abrupt and the reason should be described in the introduction. In recent years, eDNA studies have also used nuclear DNA as a species-specific detection system. The case of using nuclear DNA should also be mentioned within the protocol.

Response: Added to Introduction, “Mitochondrial DNA sequences are generally targeted in eDNA assays because the mitochondrial genome is present in thousands of copies per cell, but assays for nuclear DNA or RNA sequences are also possible.”
 
L127: "alignment software" Some software and its features should be introduced for the benefit of readers of this paper..

 Response: We have added some specifics on using Geneious software for making the alignments.

In 3.3.2. Parameters to optimize, Since the Tm value is more important than the length of the primer, the order should be changed.
In addition, it should be added because there are few descriptions of probes. Commonly used MGB probe should also be mentioned.
Also, mention should also be made of the number of specific bases at the three ends that determine the specificity of the primer.
[bookmark: _GoBack]Response: Order changed. Tm is first ,followed by GC content (3.3.2.2), Hairpin structures and Primer length 
We also included additional information on the primers and  probes as requested, specifically:
3.3.7.2 GC content: Choose between 35 – 65 % GC content, and avoid regions with 4 or more consecutive Gs. Having 1 or 2 Gs or Cs in the 5 last bases of the 3’ end of the primer (GC clamp) might increase specificity as it would help the primer to make a stronger bon
[bookmark: _Hlk50640472]3.3.7.6 Probes:  Make sure the probes do not have a G base at the 5’ end, because it could dampen the signal from green and yellow dyes11. We designed double quenched probes, with IDT 3IABkFQ and ZEN™ quenchers and FAM or HEX fluorophores.  

3.3.7.7 Probe Tm: Melting temperature of the probe should be 6-8°C higher than the primers. Lower temperatures decrease the binding success of the probe.

3.3.7.8 Probe length and location: The probe should be between 20 and 25 bp in length and ideally located close to the primer binding site on the same strand without overlapping it. 

3.3.7.9 MGB probes: TaqMan MGB (minor groove binder) probes are often used for eDNA studies. However, because these probes are very short, they can bind to non-targets even with 2 or 3 base pair mismatch10. 

L149: "18-30 bases" 30 base pairs seem to be too long for the primer. 25 base pairs is the upper limit.
Response: Change made. “Primer Length: Aim for primers between 18-25 bases in length and probe length between 20 –25 bases. Longer primers and probes may have lower amplification efficiency.”

L170: "300 base pairs" 300 base pairs seem to be too long for the PCR products.
Response: The section has been revised as follows: “Amplicon Length: should be between approximately 100 and 250 base pairs. This range is generally short enough for high PCR efficiency, but long enough for ease of verification by Sanger sequencing .”

In "4.4. In vitro (in lab) assay optimization and testing", A "cross-react test" is required before 4.4.3.
Response: We have re-arranged this section so to follow the order of PCR efficiency (Step 4.4.2), cross-reactivity (Step 4.4.3) and Sensitivity (Step 4.4.4).
 
In Figure 3a, the number of DNA concentrations used in the text does not match the number of amplification curves. 7 different types should be drawn.
Response: We have fixed this.
 
In Protocol, the number of cycles in PCR is 40 cycles and all the experiments have been conducted, but we need a rationale for this number of cycles. Since environmental DNA exists in the environment at a very low concentration, the higher the number of cycles, the better. Also, the number of cycles has a great effect on LOD and LOQ. Criteria for determining the number of cycles per assay and details should be added.
Response: The rationale for 40 cycles is that the y-intercept of an efficient assay is approximately 37 cycles, as detailed under Representative Results: “The y – intercept values should fall between a Cq of 34-41 with ideal results having a Cq of 37.0. The y-intercept is the predicted Cq of a reaction with 1 copy of the target sequence, the smallest unit that can be measured in a single qPCR. Unknowns with Cq’s greater than the y-intercept are likely to be inhibited.” We’ve added to that paragraph: “Running greater than 40 cycles of PCR may be necessary to detect the target in case of inhibition or an inefficient primer set, however quantification is not possible under these circumstances and additional negative controls without the target sequence but containing total DNA similar to the unknowns should be run to rule out amplification from non-specific sources.”

L289 "test for PCR inhibition" This should be checked when analyzing the actual sample, not when designing it.

Response: We agree that this should be checked when analyzing samples; however, we have included it in our design protocol because we feel it is so important, that we include it in our design protocol to make sure readers and users include it as well, and provide an example of the IPC we use and how it works. 
 
In "4.5.5.1." DNA concentrations of non-target species during species-specific testing should be described in detail.
Response: Detail added: “Use similar total DNA concentrations for both target and non-target samples. The concentration chosen should yield amplification from target species samples near the middle of the linear range of the standard curve.”

L438- 439: "For instance, if the goal of the research or survey is to detect one or a few species, a quantitative PCR assay is best." This is an exaggeration. Quantification is not necessary if the goal is to detect whether it is alive or not. Real-time PCR is sufficient. Quantification is necessary when you want to know the biomass of the species of interest.
Response: We have clarified our focus in the Introduction: “Here we focus on qPCR assay development and optimization of assay technical performance. Thorough characterization of assay performance will enable users to be confident in their application of the assay.” We also include qPCR and rtPCR as they are the same concept, we are not focusing the increased sensitivity with a probe-based approach. We also reworded the Discussion: “For instance, if the goal of the research or survey is to detect one or a few species, a targeted qPCR assay is best.”

Reviewer #2: 
Manuscript Summary: 
The research is exclusively based on the development and testing of a non-invasive method, species-specific qPCR assay, for detecting species from eDNA sample. It brings new insights into the capability to quantify the amount of DNA in a sample. The manuscript also showed some details about the selection of amplicons, primer design, optimized parameters of qPCR and etc. These can be useful in designing of research, determining the reliability of results and ensuring the sensitivity and specificity of detecting the target species from an environmental sample. Moreover, this study is also greatly deepening our understand of the ecology of eDNA and eDNA detection patterns in the field. Overall, this is an interesting paper but it requires a few minor revisions before it be accepted for publication. 
 
Major Concerns: 
1. Could the authors make more clearer about the sequences of designed primers, probes and internal positive control (IPC)?

Response: We  have added this information in Tables 3-6

2. It would be better to describe the role of primer-probe combinations to test which were involved in PCR mix recipe.

Response: We have added more detail on the primers and probes used, including sequences, standards, PCR conditions and reaction conditions in the newly added Tables.

3. What were the protocols of extracting eDNA from water samples from the Clinch river?

Response: We do not include protocols or steps on DNA capture and extraction because these will vary by lab and sample type, and they do not affect or are not affected by the assay design. qPCR assay design is a stand alone aspect. We detail this is step 4.4.4 and Lns 636-640 in the discussion.

4. In Table 1, there were certain reagent concentration, such as primer F/R mix, probe and IPC primer mix. However, the total concentration of tested eDNA sample were not given. Therefore, what is the total concentration of this eDNA sample in PCR mix recipe?

Response: We include the volume of the eDNA samples in the PCR mix, but do not include a concentration because this is unknown, and what we are trying to learn from qPCR. Because we are only amplifying one species DNA from a sample that likely contains DNA from many species; we cannot use the total DNA concentration of a sample as an indicator. Thus we do not provide this information.

5. How to filter 1 L of water? If the membrane was used, what is the size of the membrane?

Response: As in comment 3, we do not include information details on filtration and sample extraction as these aspects do not affect the accuracy and specificity of the assay itself. Furthermore filtration and extraction will vary by study and lab, and should be taken into consideration in data analysis of field samples; however the assay’s performance should not vary across labs if all assay conditions (including master mix, etc) are exactly duplicated. This is stated in the discussion .

6. In this study, mitochondrial DNA was selected as the target for amplification, but mitochondrial DNA contains different sequences. Might want to specify what the sequences for amplicons are.

Response: We have added this information  (ND1).

7. According to the section of 3.3.2.5 (line 170-171), amplicon length should be between approximately 75 and 300 base pair. What are the similarity and difference of amplified fragments?

Response: The section has been edited to remove the confusing references to different amplicon lengths as follows: “Amplicon Length: should be between approximately 100 and 250 base pairs. This range is generally short enough for high PCR efficiency, but long enough for ease of verification by Sanger sequencing .”

8. Line 397-399: "Sixty water samples from the Clinch river were taken between September 25-26, 2019 within 500m from a mussel bed known to have E. capsaeformis". It would be better to provide a schematic diagram marked with a map of sampling sites.

Response: We have added a map figure.

9. At what classification level can this method distinguish species? Can species be distinguished at the species level?

Response: This will depend on the sequences available on databases or in the lab to design for a target species. Theoretically and in practice some assays will be species specific, however some may never be species specific if there are very closely related species that are indistinguishable on a sequence level. This is mentioned in the discussion.
 
Minor Concerns: 
In addition, a species-specific qPCR assay was designed and used to detect oyster mussel in river water samples, and achieved good results. What is the authors opinions that whether this method is suitable for using in lakes, oceans and/or soil? and if this method is used to detect specific bacteria, algae or fish, how should the target fragments to be amplified be selected?

Response: The method of designing species specific qPCR assays in not new, but there are several considerations to take into account when doing so, especially in the application of eDNA. Because of the interest in eDNA and the fact that many researchers interested in eDNA may not be that familiar with qPCR and assay design, we felt it was important to write up a specific protocol as a guideline. This type of assay is very applicable for all types of organisms and sample types.

