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Author Questionnaire:
1. Microscopy: Does your protocol require JoVE to film through your microscope? N
2. Does your protocol include software usage? N
3. Which steps from the protocol section below are the most important for viewers to see? 
n/a
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
2.5., 2.7., 2.9.
5. Will the filming need to take place in multiple locations? N


Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee.

1. REQUIRED Interview Statements (Said by you on camera): All interview statements may be edited for length and clarity.

1.1. Laura Rienzi: Both blastocyst biopsy and vitrification have revolutionized the current field of in vitro fertilization, or IVF, allowing embryologists worldwide to conduct preimplantation genetic testing with minimal risks to embryo competence [1].

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

1.2. Danilo Cimadomo: Trophectoderm biopsy allows the retrieval of about 7 cells from a fully-grown embryo, enabling a robust downstream genetic analysis. Moreover, no impact has been reported to date for this approach [1].

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

OPTIONAL Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.

1.3. Filippo M Ubaldi: The clinical efficiency of this workflow allows patient carriers of monogenic conditions or patients susceptible to reproductive hazards of chromosomal imbalances within their blastocysts to benefit from preimplantation genetic testing [1].

1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera (Videographer Comment: The interviews of Doc. Ubaldi have been filmed inside a lab with a lot of background noise. I warned the Doctor about this problem but he wanted to leave earlier and so I was left with no other choice. He also decided to change the text of his interviews while recording.) (Editor: The authors have not yet provided their notes, so I’m not sure how this statement was changed) 

1.4. Danilo Cimadomo: There is still room for improving the strategies of embryo selection. For example, transcriptomic and miRNomic profiling represent intriguing options to complement preimplantation genetic testing on a single trophectoderm biopsy [1].

1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

1.5. Roberta Maggiulli: Unexperienced operators often struggle with opening and penetrating the zona-pellucida. It is just a matter of focus - the blastocyst, laser objective, and pipettes must be on the same focal plane [1].

1.5.1. INTERVIEW: Above Talent speaking the statement above in an interview-style shot, looking slightly off-camera

Ethics title card: (for human subjects or animal work, does not count toward word length total)

1.6. Procedures involving human subjects have been approved by the Institutional Review Board (IRB) of Clinica Valle Giulia and each couple has signed an informed consent to the procedure after extensive gynecological and genetic counseling, as required.


Section - Protocol
2. Trophectoderm Biopsy
2.1. After labeling the biopsy dish with the patient’s details with a permanent, non-toxic marker [1], number each 10-microliter drop of HEPES-buffered medium with the embryo and cycle ID [2-TXT].
2.1.1. WIDE: Talent labeling dish TEXT: See text for all medium/solution preparation details
2.1.2. CU: Drop being numbered
2.2. Using a 300-micrometer stripping pipette, transfer a viable, fully-expanded blastocyst to the first drop of the biopsy dish [1-TXT] and rinse the drop to remove the excess culture medium [2] before moving the blastocyst into the second drop in the dish [3].
2.2.1. CU: Blastocyst being transferred into drop 
2.2.2. CU: Well being rinsed
2.2.3. CU: Blastocyst being transferred into new drop
2.3. Place the dish under an inverted microscope [1] and prime the biopsy pipette with medium from the third drop of the biopsy dish [2].
2.3.1. MED: Talent placing dish under microscope
2.3.2. CU: Pipette being primed
2.4. Under a 20x magnification, orient the blastocyst to obtain a clear view of the inner cell mass at 7 o’clock [1] and secure the embryo on the holding pipette [2].
2.4.1. LAB MEDIA: To be provided by Authors: Blastocyst being oriented
2.4.2. LAB MEDIA: To be provided by Authors: Shot of ICM at 7 o’clock, then embryo being secured
2.5. Focus on the zona pellucida so that both the pipettes and the blastocyst are on the same focal plane [1].
2.5.1. LAB MEDIA: To be provided by Authors: Zona pellucida/pipettes and blastocysts coming into focus 
2.6. Switch to the laser objective [1] and position the laser pointer on the zona pellucida at the opposite side of inner cell mass [2].
2.6.1. CU: Laser objective being selected
2.6.2. LAB MEDIA: To be provided by Authors: Laser pointer being positioned on zona pellucida
2.7. Drill the zona pellucida with 2-3 laser pulses [1] and gently press the biopsy pipette against the zona pellucida [2] to allow medium to be blown through the breach to detach the trophectoderm cells from the internal surface [3].
2.7.1. LAB MEDIA: To be provided by Authors: ZP being drilled
2.7.2. LAB MEDIA: To be provided by Authors: Pipette being pressed against ZP
2.7.3. LAB MEDIA: To be provided by Authors: Medium being blown through breach/cells being detached
2.8. When the trophectoderm is detached, enter through the hole [1] and aspirate 7-8 trophectoderm cells into the biopsy pipette with gentle suction [2].
2.8.1. LAB MEDIA: To be provided by Authors: Shot of detached TE, then pipette entering hole
2.8.2. LAB MEDIA: To be provided by Authors: TE cell(s) being aspirated
2.9. While applying a moderate suction to stretch the target cells, slightly move the biopsy pipette backwards [1] and direct the laser toward the thinnest part of the aspirated cells [2].
2.9.1. LAB MEDIA: To be provided by Authors: Pipette being retracted
2.9.2. LAB MEDIA: To be provided by Authors: Laser being directed toward thinnest part of aspirated cells
2.10. Fire 2-5 laser pulses at the junctions between the cells to separate the target cells from the body of the embryo [1-TXT].
2.10.1. LAB MEDIA: To be provided by Authors: Pulses being fired TEXT: Adjust timing/number pulses to blastocyst quality while avoiding cell lysis
2.11. When the trophectoderm fragment has been separated from the blastocyst [1], release the fragment into the same biopsy drop far from the blastocyst to prevent the fragment from being sucked back into the biopsy pipette [2].
2.11.1. LAB MEDIA: To be provided by Authors: Shot of fragment separated from blastocyst
2.11.2. LAB MEDIA: To be provided by Authors: Fragment being released into drop
2.12. Release the blastocyst from the holding pipette [1] and promptly raise both pipettes to prevent the fragment from sticking to pipettes [2].
2.12.1. LAB MEDIA: To be provided by Authors: Blastocyst being released
2.12.2. LAB MEDIA: To be provided by Authors: Pipette(s) being released
2.13. Then image the biopsied fragment for quality control purposes [1].
2.13.1. LAD MEDIA: Figure 3 
2.14. When all of the blastocysts have been biopsied as just demonstrated, move the biopsy dish back to the laminar flow hood [1] and label the post-biopsy culture dish with the couple ID [2] and each drop with the embryo and cycle IDs [3].
2.14.1. MED: Talent placing dish into hood
2.14.2. CU: Dish being labeled with couple ID
2.14.3. CU: Drop being labeled 
2.15. In presence of a Witness, rinse the blastocyst in clean IVF medium in a 4-well IVF dish [1] and move the blastocyst to its corresponding drop in the post-biopsy dish [2].
2.15.1. MED: Talent rinsing blastocyst, with Witness visible in frame
2.15.2. CU: Blastocyst being added to drop
2.16. Then place the post-biopsy dish to a 37-degree Celsius, 6% carbon dioxide, and 5% oxygen incubator [1].
2.16.1. MED: Talent placing dish into incubator
3. Tubing
3.1. In the presence of a Witness and inside a laminar flow hood at room temperature, label the PCR tubes with a permanent non-toxic marker [1] [2].
3.1.1. WIDE: Talent placing PCR tube(s) into hood, with Witness visible in frame
3.1.2. MED: Talent labeling tube(s) (Videographer Comment: tubes were already labeled)
3.2. Label the lid of a 60- x 15-millimeter tubing culture dish with the biopsied embryo IDs [1] and add two 10-microliter drops of biopsy washing solution to the dish [2].
3.2.1. CU: Lid being labeled
3.2.2. CU: Drop being added
3.3. Prime a 140-micrometer stripping pipette with biopsy washing solution from the first drop of the tubing dish [1] and place the biopsy dish under the stereomicroscope to visualize the trophectoderm fragments [2].
3.3.1. CU: Pipette being primed
3.3.2. MED: Talent placing dish under microscope (Videographer Comment: the dish was already under the microscope)
(Videographer Comment: 3.4 + 3.5 +3.6 have been filmed also with my camera (in the script they are LAB MEDIA) because the authors wanted to have a wider shot of these sections)
3.4. Gently release some biopsy washing solution upon the trophectoderm fragment [1] and load the fragment into the stripping pipette [2].
3.4.1. LAB MEDIA: To be provided by Authors:  Washing solution being released onto fragment
3.4.2. LAB MEDIA: To be provided by Authors:  Fragment being loaded into pipette
3.5. Move the fragment to the second drop of biopsy washing solution [1] and carefully rinse the tissue 2-3 times [2].
3.5.1. LAB MEDIA: To be provided by Authors: Fragment being placed in second drop
3.5.2. LAB MEDIA: To be provided by Authors:  Fragment being rinsed 
3.6. Transfer the trophectoderm fragment to the bottom of the appropriately-labeled PCR tube with loading solution, taking care to avoid touching the walls of the tube with the tip of the stripping pipette [1].
3.6.1. [bookmark: _GoBack]LAB MEDIA: To be provided by Authors: Fragment being placed into tube (Videographer Comment: 3.6.1 (LAB MEDIA in the script) is included inside 3.7)
3.7. When all of the fragments have been added to their tubes [1-TXT], spin all of the tubes in a mini-centrifuge for a few seconds to sediment the fragments [2].
3.7.1. MED: Talent adding fragment to tube TEXT: New capillary/fragment
3.7.2. MED: Talent placing tube(s) into centrifuge
3.8. Then store the samples at minus 20 degrees Celsius until they are shipped to the referring genetic laboratory for testing [1]. 
3.8.1. MED: Talent placing tube(s) at -20 °C
4. Blastocyst Vitrification
4.1. Within 30 minutes of trophectoderm biopsy, label a vitrification plate with the patient’s details and the IDs of the blastocysts that must be vitrified [1].
4.1.1. WIDE: Talent labeling plate 
4.2. Using special cold temperature-resistant cryolabels, label the vitrification supports with the patient’s name and surname, couple ID, ID of the embryo that will be loaded onto it, and the date of the procedure [1].
4.2.1. CU: Shot of mock labeled support
4.3. At room temperature, dispense 300 microliters of equilibration solution for each blastocyst that will be vitrified [1] and, in the presence of a Witness, use a 300-micrometer stripping pipette to move the blastocyst into one volume of equilibration solution [2].
4.3.1. MED: Talent adding ES to tube, with ES container visible in frame
4.3.2. MED: Talent adding blastocyst to well, with Witness visible in frame
4.4. Leave the blastocyst in the equilibration solution for 13-15 minutes [1]. After an initial shrinkage of the volume [2], a gradual re-expansion will be observed [3].
4.4.1. MED: Talent setting timer, with tube of blastocyst visible in frame
4.4.2. LAB MEDIA: To be provided by Authors:  Shot of volume shrinkage
4.4.3. LAB MEDIA: To be provided by Authors: Shot of re-expansion
4.5. At the end of the equilibration, add 600 microliters of vitrification solution to the second well of the vitrification plate [1] and transfer the completely re-expanded blastocyst to the vitrification solution for 1 minute [2].
4.5.1. MED: Talent adding VS to well, with VS container visible in frame
4.5.2. CU: Blastocyst being added to well
4.6. At the end of the incubation, rinse the blastocyst to dilute the equilibration solution [1] and, in the presence of a Witness, load the blastocyst on the vitrification support [2].
4.6.1. CU: Blastocyst being rinsed
4.6.2. MED: Talent loading blastocyst onto support, with Witness visible in frame
4.7. Remove the excess of vitrification solution [1]. A subtle film of solution should surround the blastocyst [2].
4.7.1. CU: VS being removed
4.7.2. LAB MEDIA: To be provided by Authors:  Shot of film around blastocyst
4.8. Plunge the vitrification support into liquid nitrogen [1] and vigorously move the support to reduce the risk of bubble formation close to the specimen [2].
4.8.1. CU: Support being plunged into LN2
4.8.2. CU: Support being moved vigorously
4.9. Then place the protective cap on the support while the vitrification support is still submerged in liquid nitrogen [1-TXT].
4.9.1. CU: Cap being placed TEXT: Store vitrification support in LN2 storage tank in presence of witness


Section – Results
5. Results: Representative Human Blastocyst Vitrification Quality Analyses 

5.1. Of the 1544 trophectoderm biopsy procedures conducted over this representative 2-year period, between 1-4 blastocysts [1] were biopsied per procedure for between 3-22 minutes per procedure [2].

5.1.1. LAB MEDIA: Table 1: JoVE Video Editor please emphasize N blastocysts biopsied per procedure column
5.1.2. LAB MEDIA: Table 1: JoVE Video Editor please emphasize Mean timing of biopsy SD range column

5.2. In these plots, the mean timing of the biopsy for each operator along the study trimesters are shown [1], with a mean overall value of 8.24 minutes [2].

5.2.1. LAB MEDIA: Figure 7
5.2.2. LAB MEDIA: Figure 7: JoVE Video Editor please emphasize dotted red line in each graph

5.3. It is helpful to acquire an image of each biopsied fragment for quality control purposes [1] to evaluate whether the cause of inconclusive diagnoses was imputable to the dimension and/or quality of the fragment [2], to the tubing, or to some issues in the processing of the sample in the genetic laboratory [3].

5.3.1. LAB MEDIA: Figure 3
5.3.2. LAB MEDIA: Figure 3: JoVE Video Editor please emphasize images in Figures 3D, 3E, and 3F
5.3.3. LAB MEDIA: Figure 3

5.4. In this study, 572 euploid blastocysts were warmed to undergo an embryo transfer after a diagnosis of euploidy [1].

5.4.1. LAB MEDIA: Figure 8

5.5. All the blastocysts vitrified within 30 minutes [1], with 2.4% of the blastocysts not re-expanding between 31 and 90 minutes [2] and 4.9% not re-expanding beyond 90 minutes from re-warming [3].

5.5.1. LAB MEDIA: Figure 8A: JoVE Video Editor please emphasize Yes data points in left graph column
5.5.2. LAB MEDIA: Figure 8A: JoVE Video Editor please emphasize Yes data points in middle graph column
5.5.3. LAB MEDIA: Figure 8A: JoVE Video Editor please emphasize Yes data points in right graph column

5.6. Especially for poor quality [1] and/or day 7 blastocysts [2], the timing between biopsy and vitrification seems crucial to achieve re-expansion after warming [3].

5.6.1. LAB MEDIA: Figure 8B: JoVE Video Editor please emphasize Poor data row
5.6.2. LAB MEDIA: Figure 8B: JoVE Video Editor please emphasize day 7 data row
5.6.3. LAB MEDIA: Figure 8B: JoVE Video Editor please emphasize emphasize <30 min data column



Section - Conclusion
6. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
6.1. Laura Rienzi: Take care to focus before opening the zona-pellucida, when exposing the junctions between the trophectoderm cells before firing, and when preventing blastocyst re-expansion before starting vitrification [1]. 
6.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
6.2. Danilo Cimadomo: Two other blastocyst biopsy approaches exist, both entailing zona-pellucida opening and waiting for spontaneous trophectoderm hatching from the hole. These strategies are easier but more time-consuming and involve more manipulations [1]. 
6.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
6.3. Filippo M Ubaldi: The efficacy of this workflow paved the way for the implementation of molecular techniques in IVF and allows time to conduct sophisticated analyses aimed at improving embryo selection before transfer [1].
6.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera (Videographer Comment: The interviews of Doc. Ubaldi have been filmed inside a lab with a lot of background noise. I warned the Doctor about this problem but he wanted to leave earlier and so I was left with no other choice. He also decided to change the text of his interviews while recording.) (Editor: The authors have not yet provided their notes, so I’m not sure how this statement was changed)
6.4. Roberta Maggiulli: Remember not to use any device or solution that might be toxic to the embryos and to prevent DNA contamination by using DNA-free materials [1].
6.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
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