Reply to the reviewer’s comments:
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Corresponding Author: Dr. Mercè Masana
Section: JoVE Behavior

Editorial comments:

Please note that the reviewers have raised some serious concerns about aspects of your manuscript. Please thoroughly address or rebut each individual comment below to further strengthen and clarify your submission. 

1. The manuscript would benefit from copyediting to fix the occasional grammatical errors.

Reply: The manuscript was now carefully corrected for language mistakes. 

2. Formatting: Line 177: Remove personal pronoun “we”.

Reply: Done as requested

3. References: Ref 25 is incomplete; journal titles are not abbreviated.

Reply: Reference 25 is now complete:
Heyward, F. D., Walton, R. G., Carle, M. S., Coleman, M. A., Garvey, W. T. & Sweatt, J. D. Adult mice maintained on a high-fat diet exhibit object location memory deficits and reduced hippocampal SIRT1 gene expression. Neurobiology of Learning and Memory, 98 (1), 25-32, doi: 10.1016/j.nlm.2012.04.005 (2012).

4. Additional detail is required:
-1.8: How is the skin cut? Scalpel is required for recovery surgeries.
Reply: The skin is cut using a scalpel, as pointed by the reviewer (corrected in pag 5, 1.9)
 
-Results: Definitions of the constructs used should appear here, not the Discussion.
Reply: The definition of the constructs was now added to the results section (pag. 8 line 337). Also, further details are added in the introduction (pag 4, 1st paragraph), in order to clearly describe the context in which the original study was made.

-Fig. 3A Legend: What is the difference between black and gray bars? Should be explicitely written.
Reply: The new Figure 3 legend now includes the color codes for the bar graphs.

5. Unnecessary branding should be removed:
-1.5: Metacam
-1.6: Panthenol 
Reply: In 1.5 (pag 5), the text was modified to emphasize the administration of a pain killer regardless of the brand name, but still I add as an example the possible administration of Meloxicam with the corresponding dosage (which is related uniquely to this compound) in 1.21, pag 6. 
In 1.6 the brand name was removed as suggested by the reviewer, as in this case dosage associated to the brand name is not relevant. 
As suggested, unnecessary branding was removed from the protocol (1.5, 1.6, 1.7 and 1.8).

6. Please keep the editorial comments from your previous revisions in mind as you revise your manuscript to address peer review comments. For instance, if formatting or other changes were made, commercial language was removed, etc., please maintain these overall manuscript changes. 
7. Please take this opportunity to thoroughly proofread your manuscript to ensure that there are no spelling or grammar issues. Your JoVE editor will not copy-edit your manuscript and any errors in your submitted revision may be present in the published version. 

Reply: The manuscript was now carefully corrected for language mistakes. 

8. If your figures and tables are original and not published previously, please ignore this comment. For figures and tables that have been published before, please include phrases such as “Re-print with permission from (reference#)” or “Modified from..” etc. And please send a copy of the re-print permission for JoVE’s record keeping purposes. 

Reply: As previously discussed with the behavior editor Emma Pennock, part of the data presented in this video-article is not yet published. For this reason, Emma Pennock agreed on to hold the publication until the data is published and later add the corresponding final reference from the original paper. Once the paper is published, we will ask and send you the corresponding permission for re-print. At the moment, we marked with grey color the aforementioned reference, which needs to be edited prior to the publication. 

* JoVE reference format requires that DOIs are included, when available, for all references listed in the article. This is helpful for readers to locate the included references and obtain more information. Please note that often DOIs are not listed with PubMed abstracts and as such, may not be properly included when citing directly from PubMed. In these cases, please manually include DOIs in reference information.

Reply: There were some references lacking the DOI, and they were added as requested (reference 1, 9, 12, 16, 25 and 38).

Reviewers' comments:

Reviewer #1: 
Manuscript Summary: 
In this manuscript by Masana et al., authors describe a detailed protocol for intracerebral microinjection of a viral vector and the spatial object recognition to evaluate CA3-dependent cognitive function in the mouse. 

Major Concerns:
Although the manuscript is written in a clear and easy to follow manner, there are several concerns that called my attention. 

Reply: We were glad to read that reviewer #1 found the manuscript “written in a clear and easy to follow manner”.

The methodology described involves two different procedures. One would be the in vivo injection of viral vectors (adeno-associated virus, AAV), and the other would be the cognitive assay. There would be no need to explain both methods together, and both methods can be used independently for numerous purposes. In fact, the title is misleading since authors mention that their test evaluates CA3-dependent cognitive function, but they do not show whether the manipulation of down-regulated in renal cell carcinoma 1 (DRR1) expression is effective (they do not show the expression level of DRR1 after AAV-shDRR1 injection) or if the injection of the AAVs is restricted to the area of interest (hippocampal CA3). This lack of data makes the title not very accurate.

Reply: We agree with reviewer #1 that both methods: in vivo AAV injection and cognitive assay can be used together or independently. We also do not pretend to say that this test is better than others to assess memory, but in particular, we consider the object relocation test as an excellent test of choice to be included in a battery of behavioral tests to assess cognition, because this test is short, less stressful and does not require food deprivation or repeated training such as other cognitive tests.
The data presented here are part of an in depth investigation using  AAV-mediated  knock-down of DRR1 to characterize in detail the impact of a loss-of-function of DRR1 on the behavioral phenotype. Here, the spatial object recognition test was included into a battery of different behavioral assessments to investigate cognitive performance (Masana et al, in preparation). The lack of information, as pointed by the reviewer, could be misleading, and for this reason we added more information about the context of the study in the introduction (pag 4, 1st paragraph), explicitly citing the paper which will provide full information on the in-depth analysis.  In addition, we further provide evidence of the validation of the injection site and quantification of the reduction of DRR1 mRNA expression in CA3 as suggested (Figure 4 and results section, pag 9-10). Also, a new section in the protocol was added, mentioning the need to validate the AAV-mediated gene knockdown and the correctness of the injection site (protocol, new section 4, pag 8). Finally, we also modify the title as suggested.

The manuscript does not display crude data or scattered plots for all the data (Figure 3, for example) that could be interesting to have an idea of the expected variability of the measures. 

Reply: As suggested by the reviewer, we now included the scattered plots for all the data. The new figure clearly show how the shSCR mice generally learn the task, meaning the animals explore more the new object location compared to the old (known) one, with exception of few mice. Instead, shDRR1 explore similarly both new and old objects, indicating that they do not learn the new position of the object.

In this regard, a relevant issue is the number of mice used. This study used 18-19 mice per group for the behavioral test. This number is very high for a method that wants to be easy to perform. 

Reply: We agree with the reviewer that n=18-19 mice per group seems to be big. However, dealing with a larger variability in behavioral outcomes than, e.g. in other laboratory measures, it is quite reasonable not to use smaller groups for behavioral assessments (see e.g. Dell R.B., Holleran S., Ramakrishnan R. (2002) Sample size determination. ILAR J. 43: 207-213. Institute for Laboratory Animal Research (U.S.), Committee on Guidelines for the Use of Animals in Neuroscience and Behavioral Research, and National Academies Press (U.S.) (2003) Guidelines for the care and use of mammals in neuroscience and behavioral research. Washington, D.C., The National Academies Press, ISBN 0309089034). The original study included all these mice (as the group was divided in two groups later), and for this reason we think it is appropriate to include all the animals in the results. In addition, with the new Figure 3, we can see that there is not much variability between the groups. 
Authors seem to test three mazes for the cognitive test, but they do not show data supporting that the one they describe in detail (Y-maze) is the best one at the time of testing memory for object location.

Reply: Only total exploration time of objects during 10 min was obtained using the three different mazes (single object exploration time:  4.5 ± 0.7 sec in the OF (50 x 50 cm), 25.9 ± 2.4 in the Type III Rodent cage, and 11.3 ± 2.8 sec in the Y-maze arena). The rationale to select the Y-maze was based on this measure and the possibility to distinguish between changes in location of objects (we excluded the Type III Rodent cage for this reason). From the use of OF or Y-maze, we selected Y-maze because the exploration time of the objects was higher in that arena. 
The reason of that is that the greater the time explored, the greater the accuracy of the results. We can assume that exploration time during retrieval (5 min compared to the 10 min measured here) would be lower than 4.5 sec. Considering the error of the time measures of 0.1 sec, the exploration time value of 4.5 sec has a relative error of 0.1/4.5=0.02  2%; while exploration time value of 11.3 sec has a relative error of 0.1/11.3=0.009  0.9%; these relative errors will respectively increase when time measurements are smaller. Moreover, changes in exploration time of e.g. 2 and 4 sec for old and new object’s location (2 sec difference, 66% index recognition) will not have the same impact as changes from 15 to 17 sec (2 sec different, 53% index recognition). Therefore the results are more accurate when total exploration time is increased and possibly animal numbers can be reduced as a consequence of it. In fact, our group performed the SOR in the open field and this did work (Schmidt et al 2011 PNAS, Masana et al 2014 PNEC), but with the use of the Y-maze arena we were able to increase the exploration time of the animals, making the results more robust and accurate (Masana et al, in preparation). Therefore using the Y-maze for the SOR test increases the accuracy of the time measurements, despite the ability of both arenas to detect changes in spatial memory function. 
In any case, it is well known that different cognitive tests might yield slightly different results, because they involve other additional aspects (anxiety, motivation, etc) and it is recommended to perform more than one test to check for a behavioral domain, such as e.g. cognition. Thus, we feel not convenient to claim that one arena is generally better than another in a particular inter-trial interval, as this might depend on the particular details of each experiment. Still, we showed that our selected conditions were able to detect changes in cognitive function in our model. 
In order to clarify the rationale of the selection of the arena, we added more information (pag 11, 2nd paragraph, discussion).

Another concern that is not clear, and perhaps authors know about, is the necessity of running two habituation sessions in consecutive days. This makes the test more laborious and should be documented whether these two days of habituation in a row are really necessary for the test to work. If the second day is not really necessary, the procedure would be significantly shorter than the one proposed. It should be taken into account that other protocols in the literature manage to obtain solid data using a single habituation session. 

Reply: In the literature there are several protocols from different laboratories with different numbers of habituation sessions. In some conditions one habituation might be sufficient, but as our lab uses stress models, we prefer to have a second habituation to ensure that the animal will explore (and not freeze) on day of the test (this was already mentioned in the Discussion, line 475). Moreover, increasing the number of habituation sessions ensures that the animal will be familiar with the arena, and therefore the novelty will be restricted to the objects. With optimal habituation of the animal, we finally are able to minimize other aspects such as novelty, arousal and anxiety and to focus on the cognitive performance.

Finally, authors only show that the cognitive test works with a 30 min inter-trial interval (ITI), making the test suitable only for assessing short-term memory. The behavioral test would increase their applicability in the field of cognition if the authors could demonstrate that the test works when the ITI is 24h or 48 h, or as long as the object position memory trace lasts.

Reply: We agree with the reviewers that the applicability of the test would be greater if the test works also at different ITI, including 24 or 48h, but we did not test these other time points in order to extend the test. Still, we hope that with all the information provided in the paper, anyone could be able to test this.

The general impact of the article is limited since there is no clear description of the advantages in performing the cognitive test in the way proposed by the authors, compared to other possible settings. There are no clear explanations for some of the steps performed. For example authors mention to habituate mice to the room if possible for one week, but they also say that 1hour might be enough. Another issue that is not clear is the necessity of two habituation sessions in two consecutive days. 

Reply:  We agree with the reviewers that some descriptions were not precise. As mentioned before, the objective of the article was to show one possibility to perform the test, but also to discuss all the steps necessary to take into account when setting up the test in a new lab. Some of the descriptions are vague, like the habituation time of the mice to the testing room, because not all the testing rooms allow housing the animals, and therefore, a minimum time for the animal to habituate to the room is needed. 
About the need of 2 habituations we have evidence to suggest that 2 habituations might indeed be recommended: In another experiment using a different way of treatment, we used only one habituation by mistake. Those animals (vehicle treated) explored 20±2 sec (n=20) but drug-treated mice only explored 11±2 (n+18) sec in total, making it impossible to compare the groups, as drug-treated mice did not explore similar to control mice. Thus, we think that a second habituation would have helped to further habituate, specially the drug-treated group, in order to increase its exploration time on the day of the test. However, these arguments are not conclusive enough to state that 2 habituation are always needed.

Authors do not mention key details such as the mouse strain, or if the behavioral approach would work in several mouse strains.

Reply: We added the information regarding the mouse strain, gender and age of the mice used in the present study (pag 4, protocol section, and pag 8, results section; male C57Bl/6N (>8 weeks old) were used). Unfortunately, we did not test for gender or strain difference. It is know that in the novel object recognition gender is relevant for the perception of the objects (Betis and Jacobs Behavioural Brain Research 233 (2012) 288– 292). In this case, the objects in SOR are the same, so we assume the test would be suitable for both genders, but more data would be needed to ultimately prove it. However, different strains can show different stress levels, locomotor activity, exploratory behavior, motivation, etc. and have been shown to have different phenotypes. A comparison of strain-specific differences for this protocol would be beyond the scope of this paper.

Reviewer #2: 
Manuscript Summary: 
In their manuscript "Spatial object recognition test to evaluate CA3-dependent cognitive function following region-specific regulation of gene expression in the mouse" Masana and co-authors describe the procedures of the stereotactic surgery to inject a viral solution into the CA3 region of the mouse and of the performance of a spatial object relocation test in a Y-Maze.
While the idea of developing and precisely describing a reliable short test that gives robust information on memory function is intriguing, I find several aspects of this paper problematic, in particular in the methods section and in view of JoVE's mission to improve the reproducibility of scientific experiments. 

Reply: We are glad that the reviewer likes the idea of precisely describing a reliable short test that gives robust information. Our aim was not to develop a “new” behavioral test, but to facilitate the concepts and tools to perform and analyze the test correctly. Also, to give insights into small aspects that could significantly influence the test and the interpretation of the results. 

Major Concerns:
1. The terminology is not precise. Since identical objects are used, and the animal is asked to notice a new location of one of the objects, this is not an object recognition, but an object relocation test. This must be consistent throughout the manuscript.

Reply: In the literature we can find both object recognition and object relocation test referring to the same test, but we agree with the reviewer that the use of object relocation test is more precise. Thus, we changed the terminology accordingly.

2. The rationale of the choice of the gene that is knocked down to induce the memory impairment to demonstrate the validity of the methods described is not adequately explained. I can not even find an explanation for the abbreviation DRR1 anywhere in the manuscript. More background information is needed for the reader to follow the line of argumentation.

Reply: The DRR1 gene study was used to illustrate the methods used, but was not specifically chosen in order to validate the SOR test, for this reason we avoided the information from the relevance of the gene and focused mainly on the methods. Nonetheless, we added further information in the introduction (pag  4, 1st paragraph) on the DRR1 constitutive expression in the CA3, and provided further data with the need of post-mortem validation of the knock-down in the CA3 (protocol pag 8, new section 4; Results pag 9-10, new section: validation of AAV-injection; new Figure 4 and corresponding Figure 4 legend, pag 10). Moreover, we provide further details on the context of the study, which was an in-depth investigation on the loss of function of DRR1 in the hippocampal CA3, and we explicitly refer to the article where the data presented here will be published as part of the dataset (Masana et al in preparation). We hope that with all these further details, we clarify that the rationale of the video-article was to describe an easy test to be included in a battery of behavioral tests and because of the non-aversive condition of the test.  Our results based on the SOR further support the relevance of this test for CA3-dependent cognitive function. 

3. The authors do not show any histological evidence that their injection sites were correct or that their gene knock down worked. The claim that DRR1 expression was only reduced in neurons where it is actually expressed (p. 9, lines 376-377) is completely unproven.

Reply: Our new results section (pag 9-10) and the corresponding new Figure 4 + Legend (pag 10) showed the validation of the virus injection and the quantification of the DRR1 knock-down. 
The reviewer is right that we did not prove specifically in which cells DRR1 was reduced. For this reason, we modify the sentence to: “Using this virus-induced knock-down strategy, we expect that DRR1 expression would be only reduced in infected cells expressing the gene” (pag 11, line 446-7).
 
4. p. 4, line 168: describe the instrument to be used to cut the skin. 

Reply: The information is added to pag 5, 1.9, line 197 (the skin is cut using a scalpel).

5. p. 5: The time line of single housing, surgery and behavioural testing is unclear. It reads as if the animals were still group housed after surgery and single housed one week before the start of behavioural testing. That does not make sense to me. Also, it is stated that virus infection is stable for 4 weeks after surgery, and then recommended to start the behavioural testing at least 4 weeks after the surgery. Does that mean one should start behavioural testing when the virus infection is no longer stable? That also does not seem to make sense. Does starting "at least" 4 weeks after the surgery mean one should wait at least 4 weeks before starting? This part needs to be explained more clearly, also with more background information.

Reply: We apologize for the mistake in the protocol. We corrected this and hope to have clarified section 1.22 (pag 6, line 244) and 2.1.1 (pag 6, line 149-252). In section 1.22 it should read as AAV infection is stable 4 weeks after surgery, meaning we need to wait 4 weeks to allow the virus to infect and finally show a stable infection over time. Then, we need to wait 4 weeks before starting the behavioral testing. 
[bookmark: _GoBack]Animals were single housed during all the procedure (surgery, surgery recovery and behavioral testing). We delete the sentence on the housing here, but added a sentence at the beginning of the protocol stating that the animals where individually housed during all the procedure to avoid any misunderstanding (pag 4, line 155-7). 

6. The lack of use of a disinfectant for cleaning the equipment is not compatible with the hygiene conditions required in animal facilities, let alone the reliable erasure of odour traces left by the animals. Likewise, the use of white tape for intra-maze cues is not ideal and raises the question how that could be kept clean and free from odour traces in long-term usage. 

Reply: We agree with the reviewer that cleaning of behavioral test equipment between individual animals is crucial to avoid the spread of odor traces which otherwise might influence test results. Apart from obvious olfactory cues like feces and urine, rodents secrete fluids from their foot pads which might influence subsequent testing. However, as all our animals are housed under identical conditions and share the same (identical) hygiene status, we consider careful cleaning with water to be sufficient as between-tests procedure, as there is no reason to be afraid of spreading contagious diseases between animals that anyway share the same housing conditions. With this, we can make sure that we do not introduce an additional (novel) odor to the animal and the test arena which could be the case when cleaning with alcohol.
Having finished the behavioral testing with the two experimental groups, the test arenas are carefully cleaned and disinfected with e.g. 70% alcohol. This aspect was added in the protocol as suggested (pag 8, 2.2.8, line 312).

7. The features of the objects are key in an object-based task. Therefore easily obtainable objects should be used if a reproducible method is to be described. The authors don't even mention the manufacturer of the glass salt shakers they used as objects. In general, the list of materials could be more precise. 

Reply: We agree that the objects are key in object-based test. For this reason, we provide a picture of the objects in Figure 1B. 

Minor Concerns:
8. p. 9, line 359: in Fig. 3 bars do not show mean ± SEM, but mean + SEM only. 

Reply: With the new figure this annotation is now correct.

9. The language should be checked carefully by a native speaker.

Reply: The manuscript was now carefully corrected for language mistakes. 

Additional Comments to Authors:
N/A
