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Revised manuscript “Strategies for optimisation of cryogenic electron tomography data acquisition” (Weis et al.)
Dear Dr. Iyer,

Thank you and your reviewers for the positive assessment of our manuscript. Please find attached a revised version of the manuscript which we reformatted according to your editorial requests. We addressed the comments made by the three reviewers and edited the text accordingly, as detailed within the reviewer comments below.

As requested, we highlighted the sections of the Protocol that include the essential steps for the production of the video. 

Yours sincerely,

Simone Mattei


____________________________________
Reviewers' comments:

Reviewer #1:
Manuscript Summary:
This manuscript describes a more streamlined and updated version of the protocol previously published in Nature Methods (Schorb et al., 2019). The included scripts and tips will enable experienced users to speed up the initial phases of their cryoET sessions.
I want to emphasize that I did not have the opportunity to test the supplied software and scripts myself.
Overall, I think some steps of the protocol are aimed more at beginners while other steps already require prior experience. The manuscript would benefit from considering the target audience when deciding which steps to describe in detail and which not.

Minor Concerns:
1. Prerequisites
I think it is important to mention which version of SerialEM is required for use of the described protocol. Many institutions don't update SerialEM regularly. It should also be pointed out that the supplied scripts have to be imported.

The required version is SerialEM version 3.8, we have added this in the text.

2. Grid mapping

3. Grid square mapping
The defocus offset of -100 microns in view could also be higher depending on the sample visibility. Will a higher defocus offset cause problems when realigning to virtual maps later?

If needed to better identify the sample, a defocus higher than -100 could be used for grid square mapping. The amount of defocus used will not affect the efficiency of the realignment procedure when the microscope is properly aligned and the serialEM high-defocus mag calibration (calibration menu) has been performed for the appropriate used settings.

The function of "Shift + N" (Create new file at item) should be mentioned to avoid users blindly using shortcuts.

We have added this in the text.

"Acquire at Points" is actually called "Acquire at Items" in the software.

We thank the reviewer for pointing out this inconsistency, “Acquire at Points” was indeed the nomenclature used in older versions of SerialEM. We have changed this in the text.

4. Selecting targets
Does the navigator have to be saved before merging or will SerialEM keep track of other running instances?

Yes, it has to be saved. We have added this in the text.

5. Set up SerialEM low dose
It should be pointed out that no target is needed for the initial view and preview image and merely their imaging settings are used by pyEM.

We have added this in the text.

6. Generate virtual maps
The SerialEM tools tab needs to be setup properly for the PyEM options to be available. Is this a required step during PyEM setup? If not, it should be emphasized.

Setting up SerialEM tools is not strictly necessary however doing so greatly simplifies launching the procedure which would otherwise involve the use of the command line.

7. Setup Navigator
The option of running a custom script instead of the TS should be mentioned.

We have added this in the text as a note.

It says, "Don't change anything in the next File Properties dialog", but these settings depend on what a user set previously which was not described.

We have edited the text to encourage the user choosing the desired parameters based on their needs and setup of the instrument.

8. Set focus/track positions
I don't think this step is needed for normal cryoET collection unless the default focus area is obstructed in individual cases.

We think that this step is indeed necessary when acquiring tilt series for high-resolution tomography or for cellular tomography on lamella, in those cases there is less space around the region of interested and an accurate positioning of focus/track areas is often critical.

It should also be mentioned that the focus area should remain along the tilt axis.

We have added this in the text.

9. Setup additional sripts
This step should also be optional. I was wondering why 2 scripts were necessary for this task until I saw the additional checks that 'duringtomo' takes care of.

We consider this step not optional for the successful application of the described protocol. Please, see below additional explanations regarding both scripts.

Pretomo script
This script runs eucentric height, backlashes the stage alpha tilt and then realigns to item. The SerialEM Acquire At Items dialog would do this in a different order which can lead to bad tracking behaviour for high-mag tomography data acquisition.
The script also takes care of a focus range over the tilt series by setting a persistent variable $TomoTargetDefocus which later is called by the during-tomo script: SerialEM does not have such functionality, so it would require setting a focus value for each tilt series manually in the Navigator window, a laborious process.

Duringtomo script
The SerialEM tilt series controller defines the defocus target value, by running this script each tilt angle, it overrides this value with the focus value set by pretomo script. This is key for subtomogram averaging data which needs a focus range to fill Fourier space properly.

REPRESENTATIVE RESULTS
The authors describe in a single sentence the microscope preparations that have been done. I think it is important to include this in the actual protocol. It might also be worth discussing which other alignments to check, when working in a non Wim-operated facility.

Standard procedures for microscope alignment and tuning are performed according to TFS manual and their thorough description is beyond the scope of this publication. A comprehensive and detailed set of instructions on how to setup and tune the microscope is included in the supplementary material with step-by-step operations and relative screenshots. The full protocol can be downloaded at the following link: https://oc.embl.de/index.php/s/9OuTl8AazDkCNq0/download

The following has been added to the protocol as section “7” to ensure that best practice in microscope tuning will be followed. All details and screenshot can be found at the link above.

“To assure proper microscope performance, using the same magnification and beam size setup for data acquisition, in this order: 
1. Run SeriaLEM ‘Coma-free alignment by CTF’ (aka Zemlin tableau).
2. Insert and centre an objective aperture.
3. Run SerialEM ‘Correct Astigmatism by CTF’ (aka auto-stigmate).
4. Run GIF Quick Tune (= only slit focus).

NOTE: As procedures 1, 3 and 4 might require more dose rate, only the spot size should be changed, beam size should not be changed as this causes beam tilt which makes the tunings incorrect.

Procedures 1, 2, and 3 are semi-automated in this publicly available script: https://serialemscripts.nexperion.net/script/47”

I would be interested in hearing how successful the realignToItem routine is using high-magnification virtual maps. Does the high defocus offset in View cause problems? Are the generated coordinates by PyEM precise enough or does it usually need more than one round of realignment?

Multiple rounds of realignment serve the purpose to bring the starting beam-image shift down, it is not related to actual realignment accuracy. The generated coordinates are precise enough. The RealignToItem procedure described is done in two stages first using a low-magnification “View” image and then a high-magnification “Preview” image. High defocus is not problematic as SerialEM cross-correlation applies low-pass filtering and SerialEM has a Search + and - Scaling in Realign (Navigator - Options submenu) option.

DISCUSSION
It should be mentioned somewhere that target picking in dummy instances of SerialEM for SPA is also useful and already being used.

In the current version of the discussion such statement (with respective references) is already present: “This procedure can easily be modified to only use the intermediate magnification View image when alignment accuracy is of less importance, for instance in the case of large structures where ultimate target accuracy is of less concern10 or for single particle analysis samples that are poorly spread on the cryo-grid requiring the user’s manual selection of each acquisition point.”

Figure 1
Headlines over the panels in the figure would make it faster to grasp.

We have added headlines over each panel as requested.

Figure 2
SerialEM Low-Dose Setup needs to be done before going to the dummy instance to make sure PyEM has the right imaging settings for the virtual maps. Microscope and camera preparations should also be included in the schematic.

We have now modified Figure 2 according to the suggestions.

Varia:
I am concerned that 'beam time' is a colloquialism in the cryoEM field and should be replaced with 'instrument time' or something similar.

We have changed “beam time” with “microscope time”.

Reviewer #2:
Manuscript Summary:
This manuscript provides a detailed yet digestible protocol for an improved method for selecting biological targets for downstream automated tilt series acquisition. This strategy takes advantage of scripting functionality in both PyEM and SerialEM packages that allows the user to select targets "offline" using "virtual" MAPS, all while the microscope is performing other required tasks for the data acquisition setup. As a result, the user maximizes efficiency during the laborious set-up process by simultaneously acquiring images and queuing targets, thereby significantly improving the overall throughput and efficiency of the tilt series data collection process. The authors capitalize on their recent efforts to collect large-scale datasets for structure determination of Sars-Cov-2 sample as a proof-of-concept for this improved approach.

Overall, the strategy described in this manuscript addresses an often overlooked but significant bottleneck in the cryo-electron tomography workflow, and I wholeheartedly believe this protocol will be of substantial interest to many microscopists in the tomography community. It is extremely thorough, clear, and well-written, and is reminiscent of a typical in-house data collection protocol for a tomography lab. The authors are experts in this area, and this is reflected in the level of detail by which this protocol is described. I sincerely hope this article encourages other groups to publish similar, hands-on protocols for other aspects of the tomography workflow.

Major Concerns:
One aspect that is lacking from this manuscript is a section highlighting potential failure points of the procedure, with solutions and/or workarounds to address these issues. For example, are there situations in which the targeted "virtual maps" may not match up with the "real maps" used during subsequent tilt series data collection?

We did not experience any failure of the described procedure. Running the workflow described in this protocol does not come with any additional risk of failure compared to any other automated acquisition routine. Automated routines that rely on finding back selected acquisition areas could fail if the specimen undergoes a considerable  change (e.g., when the support film or the cellular lamella break). To minimise such risks the user has to accurately choose the regions of the grid square that are selected for image acquisition during the session set-up, for example by staying away from regions that present cracks in the support film or that are nearby prominent contaminations. However, in the case of failed realignment procedure, the software will acquire a tomogram in the resulting wrong region but then it will proceed to the next position.

One potential concern with "bulk" set-up procedures is that an upstream error in image registration may affect all downstream targeting. In the worst case, this error may only be detected upon initiation of tilt series collection, after the user has spent a great deal of time queuing hundreds of targets. It would be extremely valuable to briefly describe these potential problematic scenarios, and importantly, steps the user could take to fix and/or mitigate potential issues.

We have not suffered such scenarios and hence are unaware how to deal with these. The only thing we are aware of is that SerialEM has a Shift-To-Marker procedure to shift all navigator positions by some X and Y shift.

Minor Concerns:
This is a minor concern and likely out-of-scope for this manuscript, but I believe some follow-up describing these steps as it relates to the acquisition of cryo-focused ion beam (cryo-FIB)-milled lamella would be of substantial interest to the cellular tomography field. Although I anticipate that many of the steps outlined in this current protocol can be amended to target on cryo-lamella, there are unique challenges (determining lamella pre-tilt, careful selection of focus position, etc) that may require significant optimization and therefore may merit separate instruction. If the authors have already optimized some of these parameters, I believe it would be important to include in this manuscript. Otherwise, this information would be extremely useful for the field and may merit its own separate protocol for a future publication.

As the reviewer pointed out, the described protocol is perfectly applicable to cryo-FIB-milled lamellae and does not need any variation/optimization. At the moment we haven’t produced any additional protocol specifically designed for on lamella tomography and this would be out of scope for the presented protocol, however we fully agree on the relevance of such protocols. The EM manual here provided as supplementary material is publicly available and it will be regularly updated with future adaptations and implementations.

Reviewer #3:
Manuscript Summary:
The manuscript provides practical guidance on a novel routine that expedites the selection and set up of acquisition positions in cryo-ET and permits these operations to be done virtually, without the need for microscope access. A conventional approach uses hierarchical mapping of a cryo sample grid at four increasing magnifications: (I) low magnification grid map, (II) square map, (III) view map and, finally, (IV) preview map captured at acquisition magnification. Capturing view and preview maps is the lengthiest operation and contributes most of the "pre-acquisition" radiation damage to a sample within this workflow. Author's PyEM software package generates the later maps and their coordinates from grid square maps and passes them into the microscope-controlling SerialEM software thereby avoiding the need for their physical acquisition of these images. Furthermore, the microscope can continue sample imaging during such virtual maps generations and positions set-up enabling up to several folds improved throughput. Published in 2019 pyEM-focused paper (ref16) has facilitated many cryo-ET projects and has already attracted impressive 90 citations. The current submission is a much needed follow up providing users with practical protocol and exemplifying it with a large dataset collection case study. Furthermore, manuscript's concise protocol is supported by its comprehensive and well-illustrated version available for download. I, therefore, enthusiastically recommend that the submission be accepted for publication with minor changes.

Important changes:
1. After the introduction of " dummy serialEM" session, it is important to specify if the operation is done in "dummy" or "microscope-operating" instances of Serial EM. For example, step 5 "Set up serialEM low dose" switches from "dummy" to "operating" SerialEM without declaring that switch.

We encourage users to install the two SerialEM instances on two different computers: the “operating” one on the SerialEM computer that controls the microscope and the dummy instance on a second machine. Therefore, all operations that involve actual image acquisition or microscope setup must be carried out on the SerialEM instance on the microscope computer.

We have added “dummy SerialEM” to all operations that have to be performed in the dummy instance of SerialEM.

Figure 2 also graphically illustrates what are the steps to be performed on the different instances.
  

2. Keep the names of operations consistent between the protocol and the flowchart in Figure 2.

We have carefully double-checked the consistency of the names of operations between the protocol and the flowchart in Figure 2.

3. in "6.2. Run PyEM "Virtual maps" script from SerialEM menu, Tool." explain what outputs are being generated so they do not suddenly appear at the next step.

We have added a “note” explaining what is generated: 
“NOTE: PyEM starts a command window which automatically closes when done, then the new navigator file can be opened. Per montaged map that contains selected points, PyEM writes a single merged map and all its View and Preview maps. Finally it writes a new Navigator file called <navigatorfilename>_automaps.nav.”

Suggestions:
1. "2.2. Set up imaging conditions suitable for mapping the entire grid. This should be done at the lowest magnification possible taking into account the field of view on the detector". I suggest to also provide the actual parameters (in this case magnification) that will be used in the demo video.

We have added this information (EFTEM SA 2250x)

2. "2.3. Set up full montage
2.3.1. open the SerialEM "Navigator" menu
2.3.2. select "Montaging & Grids"
2.3.3. select "Setup Full Montage"
For better readability, I suggest reorganising this GIU option selection operation into an in-line description. For example, "In Serial EM menu, open the "Setup Full Montage" dialogue window (Navigator->Montaging &Grids-> Setup Full Montage), check the parameters and click OK.)".

Although we agree with the reviewer’s comment, we think that the current version better reflects the following JoVE “Author instructions”: “The protocol must be a numbered list: step 1 followed by 1.1, followed by 1.1.1, etc. Each step should include 1−2 actions and contain 2−3 sentences. Use subheadings and substeps for clarity if there are discrete stages in the protocol.”

We would be happy to change this according to the editor’s comments.

3. The flowchart in Figure 2 would also benefit from indicating what type of key maps or metadata are generated/acquired in each step (when applicable).
We have modified Figure 2 adding more detailed information about the maps generated in all steps.
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