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Author Questionnaire
1. Microscopy: Does your protocol require the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or something similar?  Enter Yes or No.  
If Yes, can you record movies/images using your own microscope camera?
Enter Yes or No.  
If your protocol involves microscopy but you are not able to record movies/images with your microscope camera, JoVE will need to use our scope kit. 
If your microscope does not have a camera port, the scope kit will be attached to one of the eyepieces and you will have to perform the procedure using one eye.
Enter make and model of microscope.
If a dissection or stereo microscope is required for your protocol, please list all shots from the script that will be visualized using the microscope (shots are indicated with the 3-digit numbers, like 2.1.1, 2.1.2, etc.).
Click here to list microscope shots, using the shot numbers from the protocol section of the video script.

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  Enter Yes or No.
If Yes, we will need you to record using screen recording software.
We recommend using the screen capture program OBS. JoVE’s tutorial for using OBS Studio is provided at this link: https://review.jove.com/v/5848/screen-capture-instructions-for-authors?status=a7854k
As these files are necessary for finalizing your script, please upload all screen-captured video files to your project page as soon as possible.

3. Filming location: Will the filming need to take place in multiple locations?   Enter Yes or No.
If Yes, how far apart are the locations? Click to enter distance between locations.

4. Testimonials (optional): Would you be open to filming two short testimonial statements live during your JoVE shoot? These will not appear in your JoVE video but may be used in JoVE’s promotional materials. Enter Yes or No.

If Yes, please provide the full name and position (e.g., Director of [Institute Name], Senior Researcher [University Name], etc.) of the author willing to participate.
Enter full author name, Enter author position

To ensure that your script can be filmed in one day, the protocol sections are cumulatively restricted to 55 shots (shots are the 3-digit numbers like 2.1.1, 2.1.2…etc)

Current Protocol Length
Number of Steps: 36
Number of Shots: 53

Interviews
Videographer: Obtain headshots for all authors available at the filming location. 

Answers to these questions will become interview statements that you will deliver on camera.
· Introduction: Answer the 1st REQUIRED prompt and 1 additional question; Conclusion: Answer any 3 questions. No more than 5 interview statements will be included in the video.
· Enter the full name of the author who will deliver the statement.
· Speak naturally and avoid reading the lines.
· Limit the length of each statement to 20 words or fewer.
· Answers will be edited for length, clarity, and consistency with journal style guidelines.

Authors: Please note that the questions will not appear on screen. Please answer in stand-alone full sentence with sufficient context

INTRODUCTION:

REQUIRED: Summarize your research focus and the main questions it aims to answer.
1.1. Enter author name.: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

Describe the research gap or limitation in existing methods and how this protocol addresses them.
1.2. Enter author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.
Describe the research contexts or systems in which this protocol can be applied.
1.3. Enter author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.
CONCLUSION:
What does this protocol allow researchers to study or measure?
1.4. Enter author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

Describe the most important consideration or challenge when performing this protocol.
1.5. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

Are there any additional methods or analyses that can be performed following this procedure?
1.6. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

How can future studies build on this work? Describe the questions or research directions that can be investigated next.
1.7. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.


Videographer: Obtain headshots for all authors available at the filming location.

Ethics Title Card
Scriptwriter: If an ethics card is required, please remove the statement that does not apply before sending the draft script. Delete the entire section if there are no animal or human subjects requiring an ethics statement. 
This research has been approved by the Institutional Animal Care and Use Committee (IACUC) or equivalent body at (insert Institutional Name)	Comment by Vipasha Sharma: In the manuscript, there are approvals from two universities. Please provide the ethical approval in the given format.
OR
This research has been approved by the Institutional Review Board (IRB) or equivalent body at (insert Institutional Name)



Protocol  
[bookmark: _Hlk188263998]Please review this section to make sure that it accurately describes your protocol. Use Track Changes when making edits or revisions.
· The two-digit steps (e.g., 2.1., 2.2.) with purple font are the narration.  JoVE is responsible for the narration of the protocol and results.
· Red italics are pronunciation guides indicating how the word will be spoken. 
· Filming should take no more than 10 minutes per step. If a step takes more than 10 minutes, prepare the product for that step in advance.
· The three-digit shots (e.g., 2.1.1., 2.2.2.) are the actions that the videographer will capture. 
Videographer: Please always record an audio slate while filming each shot mentioned in the shotlist.
2. hPSC Dissociation and Primitive Streak Differentiation
Demonstrator: Click here to enter name of demonstrator(s) 

If the same person is the demonstrator throughout, mention them once here and remove the "Demonstrator" field from the other sections; if the demonstrator changes, retain the field in the respective sections.
2.1. Begin by obtaining human pluripotent stem cells or hPSCs (H-P-S-Cees) maintained at 70%–80% confluence [1] and determine the cell number before seeding [2]. Warm the cell-culture reagents at room temperature for 30 minutes before use [3].
2.1.1. WIDE: Talent placing the human pluripotent stem cells in the biosafety cabinet.
2.1.2. SCREEN: Cell number being calculated.
2.1.3. Talent placing the cell-culture reagents on the workbench.

2.2. Coat the required wells of a 12-well plate with 0.25 milliliters of 5 micrograms per milliliter vitronectin solution per well 1 hour before dissociation [1] and incubate the plate at 37 degrees Celsius for 1 hour [2].	Comment by Vipasha Sharma: Can we add coverslip here as most of the steps in section 2 are again getting repeated in subsequent sections?
2.2.1. Talent adding 0.25 milliliters of 5 micrograms per milliliter vitronectin solution to each required well. 
2.2.2. Talent placing the plate in the incubator.

2.3. Prepare 0.5 millimolar EDTA in DPBS [1]. Discard the spent culture medium, wash the cells once with PBS, and add 0.5 milliliters of 0.5 millimolar EDTA solution per well from the wall of the plate [2]. Incubate the plate at 37 degrees Celsius for 5 minutes [3].
2.3.1. Talent preparing the 0.5 millimolar EDTA in DPBS.
2.3.2. Talent removing the spent culture medium, washing the cells once with PBS and adding 0.5 milliliters of 0.5 millimolar EDTA solution to each well from the wall of the plate. 
2.3.3. Talent placing the plate in the incubator.

2.4. Carefully aspirate the 0.5 millimolar EDTA solution without dislodging the detached hPSC clumps, add 1 milliliter of serum-free medium containing 10 micromolar Y-27632, and pipette approximately 10 times to obtain a single-cell suspension [1]. Using a 5-milliliter serological pipette or a 1,000-microliter pipette tip, transfer the cells to a 15-milliliter tube, aspirate the remaining vitronectin from the pre-coated wells, and add 1 milliliter of SFM containing 10 micromolar Y-27632 [2].

2.4.1. Talent aspirating the ethylenediaminetetraacetic acid solution, adding 1 milliliter of serum-free medium containing 10 micromolar Y-27632, and pipetting approximately 10 times to generate a single-cell suspension.
2.4.2. Talent transferring the cell suspension into a 15-milliliter conical tube, aspirating the remaining vitronectin from the pre-coated wells, and adding 1 milliliter of serum-free medium containing 10 micromolar Y-27632 to each well.
2.5. Seed 70,000 human pluripotent stem cells per well in the 12-well plate [1]. Culture the cells in serum-free medium for 48 hours, including the Rho-associated coiled-coil-containing protein kinase inhibitor during the first 24 hours and excluding it during the subsequent 24 hours [2].
2.5.1. Talent seeding 70,000 human pluripotent stem cells into each well of the 12-well plate.
2.5.2. Talent placing the seeded 12-well plate in the incubator.
2.6. On Day 3, replace the medium with primitive streak medium and culture the cells for an additional 24 hours before harvesting [1].	Comment by Vipasha Sharma: Can this step be removed as the next highlighted step is Quantification of DNA damage in human PSCs during S phase, which has similar steps as section 2.
2.6.1. Talent replacing the medium with primitive streak medium and returning the plate to the incubator.

3.  DNA Damage Induction
Demonstrator: Click here to enter name of demonstrator(s) 

3.1. Maintain the human pluripotent stem cells using the established passaging procedure until they reach 70% to 80% confluence in 6 wells [1].	Comment by Vipasha Sharma: Since these steps are already there in section 2, can we delete them and start section 3 directly from step 3.5?
3.1.1. WIDE: Talent handling the human pluripotent stem cell culture after it reaches 70% to 80% confluence.
3.2. One hour before dissociation, coat the required wells containing glass coverslips in a 12-well plate with 0.5 milliliters of 5 micrograms per milliliter vitronectin solution per well [1]. Incubate the plate at 37 degrees Celsius for 1 hour [2].
3.2.1. Talent adding 0.5 milliliters of 5 micrograms per milliliter vitronectin solution to each required well containing a glass coverslip.
3.2.2. Talent placing the 12-well plate in the incubator.
3.3. Dissociate the human pluripotent stem cell colonies into single cells using the previously described ethylenediaminetetraacetic acid dissociation procedure [1].
3.3.1. Talent dissociating the human pluripotent stem cell colonies into a single-cell suspension.
3.4. Seed 70,000 human pluripotent stem cells per well in the 12-well plate [1]. Culture the cells in serum-free medium containing 10 micromolar Y-27632 Rho-associated coiled-coil-containing protein kinase inhibitor for the first 24 hours [2]. Change the medium to serum-free medium without the Rho-associated coiled-coil-containing protein kinase inhibitor during the following days until harvesting [3].
3.4.1. Talent seeding 70,000 human pluripotent stem cells into each well.
3.4.2. Talent placing the seeded plate in the incubator.
3.4.3. Talent changing the medium with serum-free medium without the Rho-associated coiled-coil-containing protein kinase inhibitor 
3.5. At 70% to 80% confluence, add 10 micromolar EdU to the cell-culture medium for 20 minutes [1-TXT].
3.5.1. Talent adding 10 micromolar 5-ethynyl-2′-deoxyuridine after the cells reach 70% to 80% confluence
TXT: EdU: 5-ethynyl-2′-deoxyuridine 
3.6. Wash the wells twice with DPBS and add warm serum-free medium containing the selected DNA-damage treatment of 50 to 200 nanomolar aphidicolin, 1 to 3 millimolar hydroxyurea, or 1 to 2.5 micromolar camptothecin, with a DMSO-matched control for each condition [1]. Incubate the cells for 3 hours before harvesting [2].
3.6.1. Talent washing the wells twice and adding the selected DNA-damage treatment and the matched DMSO control to the cultured cells.
3.6.2. Talent placing the plate in the incubator.

4. Immunostaining
Demonstrator: Click here to enter name of demonstrator(s) 
4.1. After treatment, wash the human pluripotent stem cells with PBS, fix them with 4% paraformaldehyde for 15 minutes at room temperature, and wash twice with PBS [1].
4.1.1. Talent washing the treated human pluripotent stem cells with PBS, fixing the cells with 4% paraformaldehyde and washing the cells with PBS

4.2. Permeabilize the cells with 0.5% Triton X-100 in DPBS for 30 minutes [1]. Prepare the Click-iT EdU reaction mixture according to the kit instructions and incubate the coverslips with the reaction mixture for 30 minutes in the dark [2].	Comment by Vipasha Sharma: How to pronounce this?
4.2.1. Talent adding 0.5% Triton X-100 in Dulbecco’s phosphate-buffered saline to permeabilize the cells.
4.2.2. Talent preparing Click-iT EdU reaction mixture with the kit visible and keeping the coverslips with the reaction mixture in the dark.

4.3. Block the samples for 30 minutes with blocking solution containing 2% horse serum, 0.1% Triton X-100, and DPBS [1]. Prepare phosphorylated replication protein A and phosphorylated histone H2AX (H-two-A-X) primary antibody dilutions in blocking solution and add them to the coverslips [2]. Incubate the coverslips overnight at 4 degrees Celsius in a humid chamber protected from light [3]. 	Comment by Vipasha Sharma: What is the concentration of antibodies and volume added?
4.3.1. Talent adding the blocking solution containing 2% horse serum and 0.1% Triton X-100 in DPBS
4.3.2. Talent preparing and adding the primary-antibody dilutions.
4.3.3. Talent placing the coverslips with the primary antibodies at 4 degrees Celsius for overnight incubation.

4.4. On the following day, wash the samples three times with DPBS and incubate them with secondary antibodies and 1 nanogram per milliliter DAPI (Da-pee) in blocking solution for 45 minutes while protected from light [1]. Wash the samples 3 times with DPBS, label the glass slides with the sample names, and mount the coverslips on the corresponding glass slides using Fluoromount [2].
4.4.1. Talent washing the coverslips three times and adding secondary antibodies with 1 nanogram per milliliter DAPI while protecting the samples from light.
4.4.2. Talent washing the samples, labeling the glass slides, and mounting the coverslips with Fluoromount.

4.5. Seal the coverslips with transparent nail polish to prevent evaporation [1] and store them at 4 degrees Celsius [2]. Perform static imaging with an epifluorescence or confocal microscope at 63-fold oil magnification, acquiring at least 10 representative images from each coverslip for further quantification [3].
4.5.1. Talent sealing the coverslips with transparent nail polish. 
4.5.2. Talent placing the coverslips at 4 degrees Celsius.
4.5.3. SCREEN: Representative fields from each coverslip being imaged at 63-fold oil magnification.
Authors: Please create a screen capture video of the shots labelled SCREEN and upload them onto your project page:  https://review.jove.com/account/file-uploader?src=22333063  

5. DNA Damage Quantification
Demonstrator: Click here to enter name of demonstrator(s) 

5.1. With Fiji/ImageJ installed, open each image separately as a composite image [1].
5.1.1. SCREEN: Each image being opened separately as a composite image.
5.2. Select Image, choose Color, and select Split Channels. Select the DAPI channel and press Option, Shift and  T to open Threshold window [1].
5.2.1. SCREEN: Image being selected. Color being opened. Split Channels being selected. The DAPI channel being selected. Option + Shift + T being pressed to open Threshold.

5.3. Adjust the threshold to select all nuclei, and select Apply to display the selected nuclei in white [1].
5.3.1. SCREEN: The threshold being adjusted to select all nuclei. Apply being selected. The selected nuclei appearing in white.
5.4. In the same image, select Process and choose Smooth, then select Process, choose Binary, and select Make Binary, followed by Process, Binary, and Watershed. Confirm that the individual nuclei are separated in the DAPI channel [1].
5.4.1. SCREEN: Process being opened. Smooth being selected. Process and Binary being opened. Make Binary being selected. Process, Binary, and Watershed being selected. Individual nuclei being checked for separation.

5.5. Select Analyze and choose Analyze Particles. Set Size to 1500-Infinity according to nuclear size, set Circularity to 0 to 1, select Overlay Masks under Show, select Display Results, Clear Results, and Add to Manager, and select OK [1].
5.5.1. SCREEN: Analyze being opened. Analyze Particles being selected. Size being set to 1500-Infinity. Circularity being set to 0-1. Overlay Masks, Display Results, Clear Results, and Add to Manager being selected. OK being selected.

5.6. Confirm that numbered nuclei appear in the DAPI image and keep the ROI Manager window open [1].
5.6.1. SCREEN: Numbered nuclei appearing in the image. The ROI Manager window remaining open.

5.7. Select the image containing the damage marker of interest, such as phosphorylated histone H2A.X or phosphorylated replication protein A, and select Show All twice in ROI Manager to transfer the numbered nuclear regions to the damage-marker channel [1].
5.7.1. SCREEN: The damage-marker image being selected. Show All being selected twice in ROI Manager. The numbered nuclear regions being transferred to the damage-marker channel.
5.8. Select Measure in ROI Manager and copy the mean value for each nucleus from the Results table. Interpret each value as the mean fluorescence intensity of the damage-marker signal in the corresponding nucleus [1].
5.8.1. SCREEN: Measure being selected in ROI Manager. Mean values being copied from the Results table for each nucleus.

6. Chromosome Missegregation and Micronucleus Detection
Demonstrator: Click here to enter name of demonstrator(s) 
6.1. At 70% to 80% confluence, treat the previously prepared hPSCs with 0.25 to 0.5 micromolar monopolar spindle 1 kinase inhibitor reversine for 6 hours, followed by a 7-hour recovery without reversine before harvesting [1].
6.1.1. Talent applying 0.25 to 0.5 micromolar reversine to the designated wells for the treatment period.
6.2. After washing, fixing, and blocking the cells as described earlier, prepare anti-Lamin B1 antibodies to label nonruptured micronuclei and centromere-detecting antibodies to identify centromeric proteins in lagging chromosomes in blocking solution [1]. Add the antibodies to the coverslips [2] and incubate overnight at 4 degrees Celsius in a humid chamber [3].	Comment by Vipasha Sharma: What is the concentration of antibodies and volume added?
6.2.1.  Talent preparing the primary-antibody dilutions. 
6.2.2. Talent adding the antibody solution to the coverslips.
6.2.3. Talent placing the coverslips with the primary antibodies at 4 degrees Celsius for overnight incubation in the humid chamber.

6.3. Wash the coverslips three times with DPBS and incubate them with secondary antibodies and 1 nanogram per milliliter DAPI in blocking solution for 45 minutes at room temperature while protected from light [1]. Wash the samples three times with DPBS [2].
6.3.1. Talent washing the coverslips, adding the secondary-antibody solution containing 1 nanogram per milliliter DAPI.
6.3.2.  Talent washing the samples again while protecting them from light.

6.4. Label the glass slides according to the sample names, mount the coverslips on the corresponding slides using Fluoromount, and seal the coverslips with transparent nail polish to prevent evaporation [1]. Store the sealed coverslips at 4 degrees Celsius [2].
6.4.1. Talent labeling the glass slides, mounting the coverslips with Fluoromount, and sealing them with transparent nail polish.
6.4.2. Talent placing the sealed coverslips at 4 degrees Celsius.
6.5. Perform static imaging with an epifluorescence or confocal microscope at 63-fold oil magnification [1].
6.5.1. SCREEN: The stained human pluripotent stem cells being imaged at 63-fold oil magnification.
6.6. Count interphase cells containing contiguous Lamin B1-positive micronuclei, and count anaphases or telophases containing centromere protein-positive or centromere protein-negative lagging chromosomes [1].
6.6.1. SCREEN: Interphase cells with Lamin B1-positive micronuclei and anaphases or telophases with centromere protein-positive or centromere protein-negative lagging chromosomes being identified and counted.

6.7. Following imaging and quantification, the effects of replication stress and mitotic perturbation on DNA damage and chromosomal instability were evaluated.
6.7.1. SCREEN: Quantified microscopy data and analysis results being reviewed on the computer.

Author: Step 6.7 has been added to bridge the narration between the protocol and results sections.




Results
Please review this section to make sure that it accurately reflects your findings.
· This section will not be recorded by the videographer. It only includes the figures/tables from your manuscript (called LAB MEDIA). 
· Use Track Changes when making edits or revisions. Ensure the voiceover length is below 200 words. Current word count: 137
· Please note that the video cannot include voiceover without an accompanying visual.

7. Results 

7.1. Low-dose aphidicolin and hydroxyurea induced a modest increase in phosphorylated histone H2AX [1], indicating increased double-stranded deoxyribonucleic acid breaks [2], while Camptothecin treatment produced substantially greater phosphorylated histone H2AX accumulation [3].
7.1.1. LAB MEDIA: Figure 2C. Video editor: Please sequentially highlight the untreated, aphidicolin and HU treated cells in n the γH2AX magenta column.  
7.1.2. LAB MEDIA: Figure 2D. Video editor: Please highlight the gray control, purple hydroxyurea corresponding to 3mM in first graph and green aphidicolin corresponding to 50 nM in 3rd graph.
7.1.3. LAB MEDIA: Figure 2C, D. Video editor: Please highlight the purple camptothecin-treated cells in γH2AX magenta column in 2C and highlight the light reddish color corresponding to 1 µM in the 5th graph. 

7.2. Phosphorylated replication protein A levels were most strongly and consistently elevated following camptothecin treatment [1]. Hydroxyurea-treated cells in S-phase showed a bimodal phosphorylated replication protein A response, with some cells showing a mild increase [2] and others remaining unperturbed [3].
7.2.1. LAB MEDIA: Figure 2D. Video editor: Please highlight the red treated values above the gray control values in the PRPA camptothecin plot in 6th graph.
7.2.2. LAB MEDIA: Figure 2D. Video editor: Please highlight the upper cluster of purple points in the hydroxyurea pRPA plot that sits above the grey colored control values in the 2nd graph corresponding to 3mM.  
7.2.3.  LAB MEDIA: Figure 2D. Video editor: Please highlight the lower cluster of points in the hydroxyurea pRPA plot that overlaps the grey colored control range in the 2nd graph corresponding to 3mM.

7.3. Primed human pluripotent stem cells showed a basal chromosome missegregation rate of approximately 5%–9% [1], which increased to approximately 30% to 70% following reversine treatment in a concentration-dependent manner [2].
7.3.1. LAB MEDIA: Figure 2J. Video editor: Please highlight the black control points control near the bottom of the graph.
7.3.2. LAB MEDIA: Figure 2J. Video editor: Please highlight the 0.25 micromolar and 0.5 micromolar reversine groups, showing the higher values at the higher dose.

7.4. Micronuclei were scarce in interphase human pluripotent stem cells under pluripotent conditions [1]. Treatment with 0.25 micromolar reversine increased Lamin B1-positive micronuclei to approximately 5% of interphase human pluripotent stem cells [2], while 0.5 micromolar reversine increased micronuclei to approximately 40% [3]. 
7.4.1. LAB MEDIA: Figure 2K. Video editor: Please highlight the control group near the bottom of the micronuclei graph.
7.4.2. LAB MEDIA: Figure 2K. Video editor: Please highlight the 0.25 micromolar reversine group at approximately 5%.
7.4.3. LAB MEDIA: Figure 2K. Video editor: Please highlight the 0.5 micromolar reversine group at approximately 40% in blue color, along with red arrows marking the micronuclei in the merged image in Figure 2L.
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