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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:  27
Number of Shots:  58

Introduction
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
This research has been approved by the Institutional Animal Care and Use Committee (IACUC) or equivalent body at (insert Institutional Name)
OR
This research has been approved by the Institutional Review Board (IRB) or equivalent body at (insert Institutional Name)

Authors: Please fill the details in the above statement.


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. Formation of iGATA4-blastoids
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. To begin, obtain mouse embryonic fibroblast feeder cells, embryonic stem cells or ESCs (E-S-C-S), and trophoblast stem cells or TSCs (T-S-C-S) [1]. Prepare the microwell aggregation plate for cell aggregation by adding 500 microliters of anti-adherence rinsing solution to each well [2]. After centrifuging at a relative centrifugal force of 2000 for 5 minutes, incubate at 37 degrees Celsius in normoxia for at least 1 hour or overnight [3].
2.1.1. WIDE: Talent walking into the room with a tray of culture tubes.
2.1.2. Talent adding anti-adherence rinsing solution into each well of the microwell aggregation plate.
2.1.3. Talent placing the plate into an incubator.

2.2. Pre-warm the media to 37 degrees Celsius [1-TXT]. Prepare 0.2 percent gelatin in deionized water and keep the cell dissociation reagent ready [2].
2.2.1. Talent placing media bottles in a water bath or warming setup. TXT: N2B27/2i/LIF, FC, and FCYL  Authors: Confirm the method of pre-warming.
2.2.2. Talent preparing gelatin solution and arranging the cell dissociation reagent.

2.3. Aspirate the anti-adherence solution without touching the well bottom [1]. Wash twice with 1 milliliter phosphate buffered saline or PBS (P-B-S) and once with 1 milliliter FCYL medium by pipetting along the wall [2].
2.3.1. Talent aspirating liquid carefully from the microwell plate.
2.3.2. Talent pipetting the solutions along the wall of the wells. Authors: What is the fullform of FCYL?

2.4. Prepare a gelatin-coated 6 well plate by incubating for at least 45 minutes [1].
2.4.1. Talent coating a 6 well plate with gelatin and setting it aside.

2.5. Aspirate medium from wild type and induced GATA4 ESCs or iGATA4-ESCs (I-GATA-4) [1] and add 500 microliters of cell dissociation reagent to each well [2]. After incubating for 3 minutes at 37 degrees Celsius, add 2 milliliters FC medium and gently pipette to detach cells [3]. 
2.5.1. Talent aspirating medium and adding dissociation reagent. Authors: Please check the pronunciation of iGATA4-ESCs?
2.5.2. Talent adding cell dissociation reagent into the well.
2.5.3. Talent adding medium and pipetting cells. Authors: What is the fullform of FC?

2.6. Confirm complete detachment under a microscope [1]. After transferring the cells to a 15 milliliter tube, centrifuge at a relative centrifugal force of 500 for 4 minutes [2].
2.6.1. SCOPE: View of detached cells under a microscope.
2.6.2. Talent placing the tube into a centrifuge.

2.7. Resuspend the cells in 1 milliliter FCYL medium [1]. Using a hemocytometer, determine the cell concentration by loading 10 microliters of the sample [2]. Adjust concentration to 5 to 7 lakh cells per milliliter and calculate the required volume for 5 wild type and 5 iGATA4-ESCs microwells [3].
2.7.1. Talent resuspending cells in medium.
2.7.2. SCOPE: Hemocytometer grid with cells for counting.
2.7.3. Talent adding medium to adjust the cell concentration.

2.8. Using a 1000 microliter pipette, add 500 microliters of cell suspension dropwise into each well of the microwell aggregation plate [1]. Centrifuge at a relative centrifugal force of 100 for 3 minutes [2]. Verify even distribution and incubate for 6 hours until aggregates form [3].
2.8.1. Talent adding cell suspension dropwise into wells using a pipette.
2.8.2. Talent placing the plate into a centrifuge.
2.8.3. SCOPE: Evenly distributed aggregates forming in microwells.

2.9. Prepare approximately 20 milliliters TX basal medium using Dulbecco’s Modified Eagle Medium and Ham’s F-12 Nutrient Mixture or DMEM (D-M-E-M) and F12 (F-twelve) [1]. Add the required reagents into the container [2] and mix thoroughly [3].
2.9.1. Talent adding DMEM/F12 into a container.
2.9.2. TEXT ON A PLAIN BACKGROUND: 
200 mM L-alanyl-L-glutamine supplement - 200 µL 
10,000 U/mL penicillin/streptomycin - 200 µL 
32 mg/mL L-ascorbic acid - 40 µL 
Sodium selenite - 20 µL 
NaHCO₃ - 240 µL 
Holo-transferrin - 20 µL 
Insulin - ~37.5 µL 

Add Before Use (final concentrations):
Y27632 - 20 µM
CHIR99021 - 3 µM
IL-11 - 30 ng/mL
FGF4 - 25 ng/mL
Heparin - 1 µg/mL
mLIF - 10 ng/mL
TGFβ - 15 ng/mL
8Br-cAMP - 25 µM
2.9.3. Talent swirling the container to mix the solutions.

2.10. To prepare and plate the TSCs, pre-warm the already prepared TSF4H, FC, and TX media [1]. Prepare gelatin-coated plates for mouse embryonic fibroblast or MEF (M-E-F) depletion and incubate the plate for at least 45 minutes [2].
2.10.1. Talent placing media for warming in water bath. Authors: What is the fullform of TSF4H, FC and TX?   Confirm the method used for pre-warming.
2.10.2. Talent adding gelatin to the plates and keeping it aside for incubation.

2.11. Add 500 microliters cell dissociation reagent to TSCs and incubate for 5 minutes in hypoxia [1]. Add 2 milliliters FC medium and gently pipette [2]. After confirming detachment, transfer to a tube, then centrifuge at a relative centrifugal force of 500 for 4 minutes [3].
2.11.1. Talent adding dissociation reagent to cells and keeping the plate aside for incubation.
2.11.2. Talent adding medium and pipetting the cells. 
2.11.3. Talent placing tube into centrifuge.

2.12. Resuspend cells in 1 milliliter TSF4H medium [1] and adjust volume for plating at a 1 to 2 split [2].
2.12.1. Talent adding TSF4H medium to the cells.
2.12.2.  Talent adding the medium to adjust the volume.

2.13. Plate cells onto gelatin-coated wells for fibroblast depletion and incubate for approximately 45 minutes in hypoxia [1]. Ensure fibroblasts are attached to the gelatin-coated surface, while TSCs remain unattached. [2].
2.13.1. Talent plating cells into coated wells.
2.13.2. Close-up showing attached and unattached cells.

2.14. Replace 900 microliters medium from microwell plate wells with 500 microliters TX medium [1]. Return the plate to hypoxia [2].
2.14.1. Talent removing and replacing medium in wells.
2.14.2. Talent placing plate into incubator.

2.15. Transfer TSCs containing supernatant to a tube without disturbing attached fibroblasts [1] and determine the concentration [2].
2.15.1. Talent transferring supernatant into a tube.
2.15.2. SCOPE: Hemocytometer view for counting cells. Authors: Was the concentration determined using a hemocytometer?

2.16. Calculate the required volume to obtain 12 trophoblast stem cells per microwell [1] and centrifuge if further concentration is needed [2].
2.16.1. Talent calculating the volume in a digital sheet.
2.16.2. Talent placing the tubes into the centrifuge.

2.17. Add 500 microliters of cell suspension dropwise into each well [1]. After centrifuging at a relative centrifugal force of 100 for 3 minutes, confirm distribution and incubate in hypoxia for 24 hours [2].
2.17.1. Talent adding suspension into wells.
2.17.2. SCOPE: Even distribution of cells in microwells.

2.18. Around 24 hours after TSC addition, add 20 microliters of 5 millimolar 8 bromo cyclic adenosine monophosphate or 8Br-cAMP and 1 microliter of 1 microgram per milliliter doxycycline or DOX (DOX) to each well [1]. Incubate for 48 to 72 hours in hypoxia [2].
2.18.1. Talent adding reagents into wells. Authors: How to pronounce 8Br-cAMP?
2.18.2. Talent placing plate into incubator.

2.19. Using a cut 1000 microliter pipette tip, resuspend aggregates [1] and transfer to 2 milliliter tubes [2] and allow sedimentation for 5 minutes [3].
2.19.1. Talent resuspending aggregates with modified pipette tip.
2.19.2. Talent transferring the aggregates to a 2 mL tube.
2.19.3. Shot of aggregates settling at the bottom.

2.20. After removing the supernatant, add 250 microliters of 4 percent paraformaldehyde and resuspend gently [1].
2.20.1. Talent adding paraformaldehyde to the sample and resuspending it.

2.21. Incubate for 15 minutes while flicking every 5 minutes [1].
2.21.1. Talent holding and flicking the tube intermittently.

2.22. After removing the paraformaldehyde, add 300 microliters of PBST or PBS and Tween 20 (P-B-S-T) [1]. Mix gently and store at 4 degrees Celsius for less than 1 week before staining [2].
2.22.1. Talent adding PBST into the tube.
2.22.2. Talent placing the tube in a refrigerator.

2.23. To perform immunofluorescence staining of blastoids, transfer 150 microliters of each sample to a 96 well U bottom plate [1].
2.23.1. Talent pipetting samples into a 96well U bottom plate.

2.24. Add 100 microliters permeabilization buffer and incubate for 20 minutes [1]. Replace with primary antibody solution [2] and incubate overnight at 4 degrees Celsius [3].
2.24.1. Talent adding permeabilization buffer and keeping it aside for incubation.
2.24.2. Talent replacing with antibody solution.
2.24.3. Talent placing the tube into the refrigerator.

2.25. Wash three times with PBST for 5 minutes each [1]. Add secondary antibodies [2].
2.25.1. Talent adding PBS to the sample.
2.25.2. Talent adding secondary antibody solution.

2.26. After incubating for 2 hours at room temperature in the dark, wash three times with PBST [1] and transfer to an imaging dish [2].
2.26.1. Talent adding PBST to the samples 
2.26.2. Talent transferring samples to an imaging dish.

2.27. Using confocal microscopy, image the samples [1]. Treat iGATA4-blastoids with environmental factors and evaluate treatment responses by analyzing structure, cavitation, cell composition, and morphology [2].
2.27.1. Talent viewing the samples under microscopy.
2.27.2. SCOPE: Confocal view of blastoids.


2.27.3. 

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: 182.
· Please note that the video cannot include voiceover without an accompanying visual.

3. Results 

3.1. ESCs and iGATA4-ESCs were mid-sized and round [1]. The appearance of flattened colonies or protrusive edges indicates incipient differentiation [2]. TSCs formed flat epithelial colonies with slightly raised edges and flatter centers [3].  Overgrown colonies were associated with poor outcomes [4].
3.1.1. LAB MEDIA: Figure 1. Video editor: Emphasize the image labeled as WT ESCs and iGATA4-ESCs side by side.
3.1.2. LAB MEDIA: Figure 1. Video editor: Emphasize the image labeled as WT ESCs- bad quality.
3.1.3. LAB MEDIA: Figure 1. Video editor: Emphasize the image labeled as TSCs.
3.1.4. LAB MEDIA: Figure 1. Video editor: Video editor: Emphasize the image labeled as TSCs-overgrown.

3.2. Approximately 6 hours after aggregation, tight cell aggregates formed at the bottom of the microwells [1]. Immunostaining at the D0.5 timepoint showed  homogeneous SOX2-positive and GATA4-negative aggregates [2].
3.2.1. LAB MEDIA: Figure 2B. Video editor: Emphasize the image in the brightfield row at the D0.5 timepoint. 
3.2.2. LAB MEDIA: Figure 2B. Video editor: Emphasize the coloured image in the CDX2 SOX2 GATA4 row at the D0.5 timepoint.

3.3. Following TSC addition, a single cohesive aggregate [1] surrounded by CDX2-positive cells was observed [2].
3.3.1. LAB MEDIA: Figure 2B. Video editor: Show the image in the brightfield row at the D1 timepoint. 
3.3.2. LAB MEDIA: Figure 2B. Video editor: Show the coloured image in the CDX2 SOX2 GATA4 row at the D1 timepoint.

3.4. Following induction, cavities appeared by day 2 [1] and persisted to day 3 [2].
3.4.1. LAB MEDIA: Figure 2B. Video editor: Show brightfield image at the D2 timepoint and emphasize the area traced with white dashed line.
3.4.2.  LAB MEDIA: Figure 2B. Video editor: Show brightfield image at the D2.5 and D3 timepoint and emphasize the area traced with white dashed line.

3.5. GATA4-positive cells appeared after induction [1] and sorted to the surface of the inner cell mass-like compartment [2].
3.5.1. LAB MEDIA: Figure 2B. Video editor: Show image labeled as CDX2 SOX2 GATA4 at D2 timepoint and emphasize the green coloured cells. 
3.5.2. LAB MEDIA: Figure 2B. Video editor: Show image labeled as CDX2 SOX2 GATA4 at D2.5 and D3 timepoint and emphasize the green coloured cells.

3.6. Successful blastoids showed high cavitation efficiency [1], with a CDX2-positive outer epithelium [2], a blastocoel-like cavity [3], and a rounded inner compartment containing SOX2-positive cells overlaid by GATA4-positive cells [4].
3.6.1. LAB MEDIA: Figure 2D. Video editor: Emphasize the grey circles and small lines above 80 in X-axis. 
3.6.2. LAB MEDIA: Figure 2E. Video editor: Show both the images under CDX2 OCT4 GATA4 and emphasize the thin cyan coloured outer layer ring.  
3.6.3. LAB MEDIA: Figure 2E. Video editor: Show both the images under brightfield and emphasize large clear empty space in the center of the structure
3.6.4. LAB MEDIA: Figure 2E. Video editor: Show both the images under CDX2 OCT4 GATA4 and Zoomed; and emphasize the red and green clusters in zoomed. 

3.7. Approximately 20 percent of structures were abnormal including non-cavitated or irregularly shaped structures [1].
3.7.1. LAB MEDIA: Figure 2C. 

3.8. Control wells [1] yielded blastoids comparable to positive-control conditions [2].
3.8.1. LAB MEDIA: Figure 3A. Video editor: Emphasize both the images under CNTRL blastoid.
3.8.2. LAB MEDIA: Figure 3A. Video editor: Emphasize both the images under E4.5 blastocysts.

3.9. Experimental treatments resulted in smaller structures [1], reduced cavitation efficiency, lower cell numbers, impaired sorting [2], and poorer morphology [3].
3.9.1. LAB MEDIA: Figure 3C. Video editor: Emphasize all the red bars under caffeine, ethanol, and nicotine.
3.9.2. LAB MEDIA: Figure 3D. Video editor: Emphasize all the bars labeled as caffeine, ethanol, and nicotine.
3.9.3. LAB MEDIA: Figure 3E. Video editor: Emphasize the bars labeled as caffeine, ethanol, and nicotine.
Authors: Please check the accuracy of the shots.

3.10. In contrast, branched-chain amino acids increased blastoid size [1], cell numbers [2], and improved morphology [3].
3.10.1. LAB MEDIA: Figure 3C. Video editor: Emphasize the bars labeled as BCCA +5%, +25% and +50%.
3.10.2. LAB MEDIA: Figure 3D. Video editor: Emphasize the bars labeled as BCCA +25% and +50% in total, trophectoderm, epiblast, and primitive endoderm.
3.10.3. LAB MEDIA: Figure 3E. Video editor: Emphasize the bars labeled as BCCA +25% and +50%.
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