Reviewers' comments:


Reviewer #1:
Manuscript Summary:
Chtarbanova et al present a nice overview of the use of a forward genetic screen in Drosophila melanogaster to identify genes that lead to neurodegeneration when dysregualted. They describe a method where they test strains that have been mutagenized by exposure to N-ethyl-N-nitrosurea (ENU) for a defect in negative geotaxis in adult flies aged at 29oC for 10-12 days. The flies with a negative geotaxis defect are decapitated and the heads are fixed and the integrity of the brain is examined using standard histology and microscopy techniques. Flies with neurodegenerative vacuoles in the brain are selected as candidates for gene mapping which they do by meiotic recombination, deficiency mapping and DNA sequencing. They present data of a gene called brat that they identified as being mutated and causative of the negative geotaxis defect and brain degeneration, they prove this by expressing the normal form of this gene in the mutant background and observe rescue of brain degeneration.

Overall, this article is interesting and useful but needs further work before it is ready to replicate as a method which is a requirement for publication in JoVe. I also do not agree with the title "In vivo forward genetic screen to identify novel neuroprotective genes in Drosophila melanogaster" the screen identifies genes that when dysregulated lead to neurodegeneration not neuroprotection. I think one of the strengths of this paper is the elegant use of complicated Drosophila genetics. These genetic approaches were established decades ago, and nowadays they receive little attention, as a result students and post docs lack a critical understanding of this type of Drosophila genetics. I think this will be a great resource if the authors generate a video which also includes a description and discussion of the genetics on a white board. I have detailed my suggestions for the protocol and places where I think a video would be extremely helpful in the major comments section.
We thank the reviewer for the thoughtful comments, which we think helped to improve the quality of our manuscript. In response to the reviewer’s comment regarding the article’s title, we would like to explain our reasoning behind the term “neuroprotective genes”. In our opinion, there are mechanisms that maintain central nervous system integrity throughout life, preventing brain cells’ death. We call genes encoding factors involved in such processes “neuroprotective”. We reason that deregulation of neuroprotective genes as result of mutations could lead to improper functioning of the factors they encode resulting in neurodegenerative phenotypes that reflect the loss of neuroprotection.  

Major Concerns:
Introduction
A. You should state that EMS and ENU mutagenesis introduce point mutations whereas X-rays introduce DNA breaks and as a result sometimes DNA rearrangements.
We thank the reviewer for pointing this out. This point has been addressed and a reference provided (see lines 56-59 of revised version). 

Methods:
The protocol section:
Preparation
A. The preparation section describes collecting and aging flies and assembling the negative geotaxis apparatus. The title should be changed to reflect this, "Preparation and aging of flies???".
The title of this section has been changed as per reviewer’s recommendation.

B. Had the ENU flies been previously mapped to a specific chromosome? If so or if not that should be described. 
Indeed, the collection of flies used in this study has been previously mapped to the second chromosome. This information has been now included in the revised manuscript (line 92). 

C. Are the ENU flies heterozygous over a balancer, or homozygous? If they are over a balancer is the balancer present in the aging flies, or have they been outcrossed, or are you using homozygous flies? Is the mutation/phenotype you are looking for dominant?
The ENU-mutagenized flies were balanced over CyO with homozygous flies present in most stocks. Although we have tested both, homozygous flies and flies carrying the balancer, we have now incorporated data for homozygous flies only and have updated figures and text accordingly (see lines 93 and 98 and Figures 1C, 1D, and Figure 2 of the revised manuscript). Among these lines, homozygous flies from line 867 exhibited defective climbing phenotype. We therefore looked for recessive mutations/phenotypes.

D. The light conditions in the incubator should also be described; was it a 12 hr light/dark cycle or a 24 hr light cycle?
This point has been addressed (line 95 in the revised manuscript).

E. What was the food that the flies were reared and aged on?
This point has been addressed (lines 96 and 101 in the revised manuscript).

F. A whiteboard video should be generated showing these ENU flies and whether they were outcrossed.
As only data for homozygous flies is presented in the revised manuscript, we decided not to incorporate this information at this step. The homozygous ENU lines will be still shown in the white board video, in which crossing schemes for recombination and deficiency mapping will be outlined.  

Protocol 1: Climbing assay
A. A video of the flies being put into the chamber, put aside, and then tapped down 3 times for the assay would be beneficial, as would doing it side by side with normal flies and flies with a negative geotaxis defect. The person should explain during this time in the video what negative geotaxis is.
We thank the reviewer for making this recommendation. We will present the apparatus in the video and explain what the negative geotaxis is. 

B. There is no mention of a positive control. What was the fly strain used as a control for normal geotaxis? This should be detailed in this description and video.
Prior initiation of the screen, the efficiency of the climbing assay was tested by determining climbing pass rates for 10-days-old flies in which TauR406W-, GFP- (control) and mCherry (control) are overexpressed in the brain using the pan neuronal ElavC155-Gal4 driver. As previously reported, 10-days-old Tau-overexpressing flies exhibited climbing defects in comparison with GFP- and mCherry-overexpressing flies (Ali et al., 2011). We have included a new section (Section 2.1) describing the use of this control experiment in the revised manuscript (see lines 111-114). 

C. Line 99: "about 3 times" does this really change between repeats? Or is it 3 times?
We have corrected the text to 3 times (line 125).

D. The time of day that the negative geotaxis assay was performed should be described as flies behave differently at different times of the day.
All climbing assays were performed in the afternoon. This information along with a reference has now been included in the text (lines 117-119).

E. Decapitation should be in the histology section and not in this section.
This has been changed according to the reviewer’s recommendation (see lines 319-322 of revised text).

Protocol 2: Select candidates
A. This should read "Selection of Drosophila strains for further analysis"
The title of the section has been changed (line 145).

B. In general, I do not think this section is clear or correct. To determine which flies strains have a negative geotaxis defect the mutant strains should be compared to an age-matched control genotype. The percentage of flies that pass the line (2cm/5cm/8cm) should be calculated and plotted in excel or a statistics program such as prism. Statistics should be used to determine if a mutant line is different to the control strain. A T test for comparing 2 lines, a one-way ANOVA (plus post-hoc test) for comparing three or more strains, and two-way ANOVA (plus post-hoc test) for comparing two or more lines at two or more time points (e.g. 10 days vs 20 days). This should be incorporated into this section.
We thank the reviewer for making this point. We agree that a statistical test would be appropriate to perform and for the 235 ENU lines we have done the analysis by comparing the mean climbing percent value of all lines (which corresponds to 59%) to each individual mutant line using one-way ANOVA. We have incorporated a table in Figure 1 (Figure 1D), which shows the number of lines showing significant P-Values. The information for line 867 has been updated in the Representative results section of the text (Line 849). 
Similarly, we analyzed using one-way ANOVA the data for the deficiency mapping and have now added error bars corresponding to standard deviations and additional age-matched controls (867/+ and 867/867) in the same graph. 
Additionally, we have incorporated a detailed protocol on how the statistical analysis was performed using the R software package (see section 3.2. in the revised manuscript, lines 150-151).

Protocol 3: Histology analysis
A. The decapitation and fixation of fly heads should be in this section, and a video of the decapitation and placing the flies in the tube of fixative solution is needed.
We will present this in the video file (text has been highlighted in the text accordingly).

B. Do you add any tissue to push heads down into the fixative?
Using a paintbrush heads are gently placed in the tube containing the fixative, without touching the liquid. As per reviewer’s recommendation, we will show this step in the video. This information has been added to the text (Line 206).

C. You need to describe how the tubes are stored, are the still or rotating?
Tubes for both, fixative and EtOH70% are still; we have incorporated this information in the revised text (lines 207 and 211).

D. You need to describe the embedding procedure, the chemical used, the time of incubation, the temperature and whether a vacuum was used on any of the incubations.
We have incorporated a table that includes the conditions and chemical reagents used for the automated processor as well as a new section detailing the embedding procedure (Section 4.4., lines 220-244). 

C. A description of the embedding of fly heads into the paraffin block is needed by video on a white board to show the orientation of the head when embedding and in relation to the blade when cutting, and also of the person embedding the head, and any tricks you use to make sure it's orientated. 
As per reviewer’s recommendation, we will show this step in the video.

D. The trimming of the block should be in the video as should the sectioning, floating out and mounting the wax ribbon onto slides.
As per reviewer’s recommendation, we will show these steps in the video.

E. Hematoxylin and eosin stain is fine in the text; this can also be videoed (start with putting slides in first trough, then explain the next steps with voice over and text, video the slides in running tap water so that the reader/viewer can see where the water hits in relation to the slides, then voice over with the next steps and video the slides being mounted.
This is a very helpful suggestion. We will show the relevant steps in the video.

F. Quantification of neurodegeneration needs more explanation. Do you look at the whole brain, a specific region, is it qualitative or are you counting vacuoles bigger than a certain size? You should also mention the statistics used here.
This point has been addressed (see Section 4.11 and lines 306-308 in the revised text).

Protocol 4: Gene mapping
A. Overall the genetics in this section could be made clearer. For example, an introduction paragraph (few sentences) describing the two approaches and why you would use them in the order that you do them in, same for the video.
We have incorporated relevant information in the introduction (lines 72-81).

B. Did you know the affected chromosome before starting these crosses?
Please see response to comment “Preparations: B” above.

C. I think at least you need both sets of crosses (meiotic mapping and deficiency crosses) in a figure but ideally, you should write out the crosses one by one on a white board and video yourself talking through the cross. For meiotic recombination you should give an idea of what ratios you would expect in your progeny, maybe give an example where the mutation is close to one of the markers and a second where it is far away.
We thank the reviewer for making the recommendation to write the crosses on the white board. We agree that this will be helpful for the audience to better visualize the mapping strategies. We will show these crossing schemes in the video.

D. Line 174: You state that you should use markers that should not induce neurodegeneration in the meiotic mapping, you need to make a table with Drosophila genotypes that are good for this purpose and those that are not good for this purpose. Or at least of those that you would recommend to use or avoid. This can also go in the video.
Because of limitations in text length in protocol sections and notes, we have included information about the use of markers in the Discussion section of the revised manuscript (see lines 633-641). We hope the reviewer finds them satisfactory.

E. Line 183: Why in the meiotic mapping did you perform histology analysis and not locomotor analysis? You should explain this or describe that you could do both.
The mapping line had the jammed wings, which supposedly could interfere with the climbing ability, as reported for flies with blistered wings (Peng et al., 2015) This point has been addressed in the revised text (see lines 358-359 and 636-638).

F. You also need to state what you are looking for in 5.1.5 and what this means in respect to the mutation's position on the chromosome.
This information has now been added to the text (lines 685-686).

G. You have not described what a deficiency line is. This needs to be made clear for people to understand as should the break size and the number of genes that are missing from the deficiency line.
A deficiency line has been defined in the revised text (see lines 356-357). 

H. Complementation should be described as should the mutant phenotype that you have is it recessive or dominant, what you are looking for in the progeny would change depending of this. If it is dominant "a deficiency line that lacks the region that is mutated will not rescue the locomotor defect, while deficiency lines that harbor the normal form of the mutated gene will rescue the dominant mutant phenotype" and explain what this means to the position of the mutation."
This is an excellent point and we appreciate the reviewer’s comment. We have changed the title of the paragraph to “Gene mapping of recessive mutant phenotype” (Line 313) and included an additional step 5.1 that directs the reader how to test whether the phenotype of the line of interest is dominant or recessive. 

I. Did you do an initial test with a large deficiency line and then narrow down further with additional deficiency lines? If so this should be described.
We used smaller deficiencies that spanned (or not) the brat locus to confirm the phenotype and the spanning ones are showing in Figure 3C. In addition to the neurodegeneration phenotype in 867 flies, we also observed a known supernumerary cell phenotype for the brat gene; this is what directed us to focus on the brat and test additional deficiency lines. This point is discussed in the Representative results section.

J. It would be beneficial to also describe what else you would do should the analysis with the deficiency lines give you more than one candidate gene e.g. RNAi lines to those target genes.
This point has been addressed as suggested by the reviewer. Refer to text in Section 5.3.1 (lines 366-368).

Protocol 5: DNA sequencing
A. You need to reiterate that ENU mutagenesis introduces point mutations.
This has been addressed by including a note (line 380).

B. Did you only sequence coding regions of the gene?
Indeed, in this study we did sequence the coding region of the brat gene. A new figure (Figure 4A) has been included, showing the region sequenced and providing the sequences of the primers used for both amplification of the fragment and for sequencing. Additionally, we have incorporated technical information about the DNA extraction, reagents and conditions needed to perform the PCR reaction as well as the steps needed to align the sequences using the ApE software (please, see Section 6.1. and lines 420-435). 

C. What would you have done if there was no point mutation in the coding sequence?
We have added a note addressing this point (lines 437-438)

Protocol 6: is missing
A. You should describe the work you did to prove that brat was the gene i.e. the UAS-brat experiments.
We thank the reviewer for pointing this out. We have included a new section 7: Protocol 6: Further analysis of candidate gene function (lines 440-521). This section details the crosses needed to generate rescue stock lines, the analysis done including rescue experiments and characterization of age-dependent phenotypes. Additionally, a new figure (Figure 5) accompanies this section.

Discussion:
A. Line 277: You state that neurodegeneration often doesn't mirror a behavior defect. You should mention that this could be because the behavioral defect comes before the loss of brain integrity and flies may have to be aged for longer before vacuoles appear.
This point has been addressed as suggested by the reviewer (lines 665-667). 

B. You should also discus that an additional means to narrow down candidate strains could be to identify those that have no defect in negative geotaxis at young ages but develop the defect at older ages. In this way, you remove the strains that are born with a defect i.e a developmental effect and select those with an adult and age-dependent effect, or vice versa.
This point has been addressed as suggested by the reviewer (lines 1009-1013).

C. You can discuss that this genetic approach is applicable to other behaviors and phenotypes e.g. egg laying, fertility etc.
We have addressed this point by adding examples of other phenotypes as recommended by the reviewer (lines 669-673).

Figure 1:
A. A photograph or cartoon of the vials used in the negative geotaxis assay is needed.
We have added a cartoon to visualize the testing apparatus as part of Figure 1 (Figure 1B).

Figure 2:
A. In panel A you maybe want to put line 674 first and title it NO/normal? and then the worst degeneration last.
We thank the reviewer for making this suggestion. We have exchanged the images as recommended. 

Figure 3:
A. The graph in panel does not have a label on its X axis.
This has been fixed. Thanks for pointing this out.

B. There should be standard deviation bars to represent the three repeats, and statistics.
We have addressed this point by adding error bars as recommended by the reviewer. 
[bookmark: _GoBack]
C. Panel B indicate where the other genes are in relation to brat and the other deficiencies. 
As 118 genes is a substantial number to add to the figure, to address this point, we have included a sentence in the representative results section thet indicates how to obtain the information regarding the genes located in the covered region by consulting Flybase (lines 547-549).

Figure 4
A. Panel D should also have a normal brain. Add CS from paper
To address this point we have included a figure in Figure 3A to show brain neurodegeneration phenotype in controls, as well as in heterozygous 867 flies.

Minor Concerns:
Line 62 and 63: Although I think it is important to that you discuss the limitations of your technique you should change words like tedious/laborious to extensive, for example. Maybe in the discussion you should say that although this approach involves extensive fly genetics these studies would be more difficult in a mammalian setting. And talk about the benefit of doing this over RNAi screens, e.g. point mutations may tell us critical things about the protein/enzymes function, and vice versa the benefit of an RNAi screen that could also be used with the same negative geotaxis response and histology.
We appreciate these comments. They have been addressed in the discussion.

Reviewer #2: 
Manuscript Summary:
The manuscript describes a method to identify neuroprotective genes in a classical forward genetic screen. The protocol is based on established methods but has been assembled for the purpose of identifying such genes. However, there are two major concerns that should be addressed before publication.

Major Concerns:
1) In the discussion the authors mention that most of the lines selected from the climbing assay did not show neurodegeneration in the histology. They propose that this could be solved by lowering the passing rate threshold. However, a climbing phenotype could be due to changes in muscles or general unfitness of the flies and is not necessarily due to neurodegeneration. This major limitation of using the climbing assay should be discussed
We thank the reviewer for making this recommendation. We have edited the discussion and hope the reviewer will find it satisfactory.

2) Although the brat flies do show neurodegeneration there is a very prominent phenotype of supernumerary cells suggesting that there are major defects in brain development. Therefore this is not necessarily a neuroprotective gene that maintains neurons during aging but a gene that affects brain development and thereby causes cell death. Especially because no age is mentioned in the figure legends the degeneration could occur early on; so is there a difference in young versus old mutants?
We thank the reviewer for bringing this point up. Brat’s function has been extensively studied during development of the nervous system and a role for this protein in neural stem cell division has been previously established. Additionally, we also see supernumerary cells in the brains of 867 flies. Although to date we haven’t been able to uncouple the supernumerary phenotype from the neurodegenerative phenotype in these mutants, we have observed that 867 mutants exhibit age-dependent worsening of the neurodegenerative phenotype. To address the reviewer’s point we have included a new figure (Figure 5), which illustrates this age-dependent phenotype.

Minor Concerns:
The authors should include references for performing the screen. So even if they obtained the lines form another laboratory, other labs might have to perform the mutagenesis and therefore references how to do this should be included.
This point has been addressed by adding a reference on line 91 (Section 1.1).




