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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? Yes
If Yes, can you record movies/images using your own microscope camera? Yes
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.

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage? Yes

3. Filming location: Will the filming need to take place in multiple locations? No


Current Protocol Length

Number of Steps:  30
Number of Shots:  51

Introduction

Your answers to these questions will become author interview statements, which authors will memorize and then deliver on camera.
· Enter the full name of the author who will deliver the statement.
· If possible, each author should deliver no more than two statements.
· Fill out both required statements, one optional statement may also be selected.
· Answer in full sentences, in a style suitable for being spoken aloud. 
· Limit the length of each statement to 30 words or fewer.
· Answers will be edited for length, clarity, and consistency with journal style guidelines.

1. Introductory Interview Statements 

Authors: During shoot decide the names of the authors delivering interview statements 1.1, 1.2, and 1.3 and add them in the provided field.

REQUIRED: Why is your protocol significant? OR What key questions can this method help answer?
1.1. PING Liu: The protocol is to normalize the cultured medium collection and the chromosomal ploidy analysis based on Non-invasive Chromosome Screening (NICS) of human preimplantation embryos.

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

REQUIRED: What is the main advantage of this technique?

1.2. Jin Huang: The main advantage of NICS is easy to operate rather than tedious micromanipulation, time-saving, and effectively reduces the invasive biopsy sample loss. The sampling method is very flexible. Here we offer you two different options, one for routine sequential embryo culture and another for one-step.

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

OPTIONAL: 
1.1. Enter author name: This technique can extend toward the chromosome screening in not only ICSI but also IVF embryos. For the results of PGT-A are aneuploid, mosaic, or not available, niPGT is a viable option for testing re-cultured blastocysts.

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. B-roll: 4.2.1


Introduction of Demonstrator on Camera

Complete this statement ONLY if any of the individuals who will be demonstrating the procedure on camera will not be delivering an Introductory Interview Statement.

1.1. Jin Huang introduce Yaxin Yao, Jialin Jia,Xiaohui Zhu,Ping Liu: 
These are the main colleagues of our team. Dr Yaxin Yao and Dr Xiaohui Zhu are mainly responsible for library preparation and next generation sequencing. Dr Jialin Jia and I complete embryology work and sample collection. Professor Liu is our group’s leader, she is also the corresponding author of this article.
1.1.1. INTERVIEW: Author saying the above. 
1.1.2. The named demonstrator(s) looks up from workbench or desk or microscope and acknowledges the camera.


Ethics Title Card
1.2. Procedures involving human subjects have been approved by the Ethics Committee of Peking University Third Hospital.

Protocol
VIDEOGRAPHER: Only film protocol sections 2, 3, and 4. The other sections were filmed by the authors. 
VIDEO EDITOR: The authors opt for the APF option for protocol sections 5, 6, 7, and 8. They have provided file numbers and time-stamps to Devon, which are incorporated in the script.

Add three steps
2. Preparation
2.1. To begin, Prepare the reagents and tools. 
2.1.1. Shot of all reagents and tools. 
2.2. Prewarm and equilibrate (balanced) 20-30 µL of culture medium (covered with mineral oil) and hyaluronidase before use. TEXT: Culture: 37 °C, 5% CO2, and 5% O2  in a Tri-gas incubator overnight before use. 
2.2.1. Shot of prewarming the culture medium and hyaluronidase.
2.3. Culture medium and hyaluronidase were placed on a working surface in a fume hood.
2.3.1. Talent placing the culture medium and hyaluronidase in a fume hood.

Due to the addition of the step 2.preparation, all the following steps will be shifted back by one.
Add a step 3.1 
3. Denudation of granulosa cells, Oocyte Evaluation and Embryo Washing
3.1. Rapidly transfer the digested OCCCs in the culture dish for oocyte handling and cover with mineral oil in each well [1]. Gently aspirate and release the oocytes 5 times to remove residual granulosa cells around the oocytes. Repeat the previous step in the remaining 3 wells to completely remove the granulosa cells. [2]. Videographer: This step is important! 
3.1.1. transferring the digested OCCCs for washing. 
3.1.2. SCOPE: release the oocytes 5 times to remove residual granulosa cells around the oocytes. Repeat the previous step in the remaining 3 wells.
(Submitted vedio “3.1.2” , recorded under the microscope )( the photographer captured the long shots)

Add a shot 3.2.3. 
3.2. Evaluate the completeness of granulosa cell removal using a microscope [1,2]. After performing the intracytoplasmic sperm injection, also called ICSI (ik-see), transfer the embyo to the culture medium[3]. 
3.2.1. WIDE: Establishing shot of talent observing the cells under the microscope. Videographer: This step is important! 
3.2.2. Talent working under the microscope with a pipette and transferring the oocyte.
3.2.3. Performing ICSI and transfer the embyo to the culture medium.
(Submitted vedio “3.2.3” , recorded under the microscope )( the photographer captured the long shots)

3.3. Prepare 20 to 30 microliters of the blastocyst culture medium microdroplets for each embryo. Cover the embryos with mineral oil in a tissue culture dish at day 2 and incubate at 37 degrees Celsius, 5% Carbon dioxide, and 5% oxygen incubator.
3.3.1. Shot of 20 to 30 microliters drop with mineral oil in a culture dish
Talent putting the culture dish into the incubator. 
3.3.2. Talent covering the embryos with mineral oil in a tissue culture dish.

Add shots 3.4.4. and 3.4.5. 
3.4. After preparing another three microdroplets covered with mineral oil, label the new tissue culture dishes for washing, starting from 1 to 3 [1], then transfer the 3rd-day embryo into the washing microdroplet [2]. Gently aspirate and release the embryo three times in 3 droplets using the pipettes[3][4]. Transfer the embryo to blastocyst culture medium[5]. Videographer: This step is important!
3.4.1. Talent labeling the washing microdroplets.
3.4.2. SCOPE: Talent transferring the embryo into the washing microdroplet. 
3.4.3. SCOPE: Embryo is aspirated and released in the droplet. (Submitted vedio “3.4.3” , recorded under the microscope )( the photographer captured the long shots)
3.4.4. SCOPE: The embryo with granulocyte before washing and after washing TEXT: before washing, after washing.
3.4.5. Talent transferring the embryo to blastocyst culture medium.

Add a shot 4.1.1., Delete shots 4.2.1. and 4.2.2, Delete a step 4.3. 
4. Culture Medium Collection Option 1 (For IVF labs Performing Vitrification on the Morning of Day 5 Collecting the culture medium from the afternoon of Day 4 to before cryopreservation)
4.1. In order to collect the culture medium before embryo cryopreservation, on the afternoon of the 4th day, transfer the embryo into pre-warmed microdroplets of culture medium [1-TXT,2-TXT] and gently wash each embryo serially in 3 microdroplets by the pipettes [3]. Videographer: This step is important! 
4.1.1. Preparing the washing microdroplets and culture microdroplets TEXT: Droplet volume: Not more than 25 µL
4.1.2. The embryo is transferred into the washing microdroplets TEXT: Microdroplets pre-warmed at 37 °C
4.1.3. The embryo is being washed serially in the microdroplets by pipetting. 

4.2. Transfer each embryo into a unique pre-warmed single microdroplet of culture medium for sample collection. Culture the blastocyst embryo before cryopreservation. Videographer: This step is important! 
4.2.1. Talent transferring the embryo in the microdroplet while working under the microscope. TEXT: Droplet volume: Not more than 25 µL
4.2.2. Talent keeping embryo culture dish in incubator TEXT: Culture: 37 °C, 5% CO2, and 5% O2
4.2.3. Talent keeping embryo culture dish in incubator TEXT: Culture: 37 °C, 5% CO2, and 5% O2
4.3. To collect the sample, transfer the culture medium from each cultured embryo into an RNase-DNase-free PCR (P-C-R) tube containing 5 microliters of the cell lysis buffer [1].
4.3.1. Talent transferring culture medium into PCR tube containing 5 microliters

Add a shot 5.1.0., Delete a step 5.3. 
5. Culture Medium Collection Option 2 (For IVF labs Performing Vitrification on Day 5 Afternoon or Day 6 Collecting the culture medium from the morning of Day 5 to before cryopreservation)
5.1. For performing the vitrification before embryo cryopreservation, transfer the embryo into pre-warmed microdroplets of 10 to 15 microliters culture medium [1] and gently wash each embryo serially in 3 microdroplets by pipetting on the morning of 5th day [2]. Videographer: This step is important! 

5.1.0  Preparing the culture microdroplets TEXT: Single droplet volume: Not more than 15 µL.
5.1.1. Talent transferring embryos into pre-warmed microdroplets 
5.1.2. Embryos is being washed serially in the microdroplets by pipetting

5.2. As demonstrated previously, transfer each embryo into a unique pre-warmed single microdroplet of culture medium for sample collection, culture the blastocyst embryo  at 37 degrees Celsius and 5% Carbon dioxide before cryopreservation. perform blastocyst embryo culture on 5th or 6th day at 37 degrees Celsius and 5% Carbon dioxide [1-TXT]. Videographer: This step is important!  
5.2.1. Talent performing one representative step of blastocyte culture.
5.2.1. transferring the embryo in the microdroplet while working under the microscope and keeping embryo culture dish in incubator, TEXT: Single droplet volume: Not more than 15 µL. Culture for at least 8 hours.
5.3.    To collect the sample, transfer the culture medium from each cultured embryo into an RNase-DNase-free PCR (P-C-R) tube containing 5 microliters of the cell lysis buffer [1].
5.3.1. Talent transferring culture medium into PCR tube containing 5 microliters
Add a step 6. Sample Collection
6. Sample Collection
6.1. Gently adjust the ICM at a considerable distance from the targeted point of the laser beam, which focuses on the cell junction of the trophectoderm to generate a small hole in the trophectoderm to release the fluid from the blastocoel cavity.
6.1.1. Laser-assisted hatching of embryos. 
(Submitted vedio “6.1.1.” , recorded under the microscope )( the photographer captured the long shots)


6.2. To collect the sample, thaw the buffer in the kit at room temperature, centrifuge briefly[1]. Then transfer the culture medium from each cultured embryo into an RNase-DNase-free PCR (P-C-R) tube containing 5 microliters of the cell lysis buffer [2]. The sample can be temporarily stored at -20 degrees.
6.2.1. Thaw the buffer at room temperature.
6.2.2. Talent transferring culture medium into PCR tube containing 5 microliters. [1-TEXT： Mix three times] 

7. Culture Medium Lysis
Authors: All the provided file name and timestamps are incorporated, if any clip is yet to provided or yet to be shot, please submit the footage to your project page: http://www.jove.com/files_upload.php?src=19098843. If not, please ignore this.
（Authors: Due to policy changes related to the pandemic, all sections are now available for filming. The previously provided video are not suitable.）
Add the step 7.1.,Delete step 7.5.
7.1. Prepare the reagents and tools.  
7.1.1. Shot reagents and tools.
7.2. The genomic DNA was diluted to a concentration of 50 pg/μL after quantification. [1]. After mixing thoroughly, centrifuge the tube briefly at 200 x g for 5 seconds [2]. 
7.2.1. Talent diluting genomic DNA with culture medium
7.2.2. Talent keeping the diluted gDNA for centrifugation

7.3. Centrifuge the culture medium in a microcentrifuge for 30-60 seconds, and then pipette 10 μL from the bottom of the tube [1]. Transfer 10 microliters of culture medium, diluted positive control, and fresh culture medium to a new 0.2-milliliter PCR tube [1]. Add 1 microliter of MT enzyme mix [2] and mix thoroughly by pipetting [3]. Then, centrifuge immediately for 2 to 3 seconds at 200 x g [4].
7.3.1. Talent transferring the blastocyte culture medium, diluted positive control, and fresh culture medium to separate PCR tube. 
7.3.2. Talent adding MT enzyme mix to PCR tube. 
7.3.3. Talent mixing thoroughly by pipetting
7.3.4. Talent keeping the tube for centrifugation

7.4. Put the PCR tube in a preheated NICS sample prep station [1] and run the lysis program at 10 minutes at 75 degrees Celsius and then for 4 minutes at 95 degrees Celsius and hold at 22 degrees Celsius [2-TEXT].
7.4.1. Talent putting the PCR tube in preheated NICS Sample prep station
7.4.2. Shot of lysis program on display [2-TEXT: Program: 75 °C, 10 min; 95 °C,4 min; 22 °C, forever]
7.5. Click the Lysis icon to enter the setup screen. Select Tube for the control mode and input 10 microliters for the sample volume [1]. Then, select On for the hot-lid control and enter 105 degrees Celsius for the temperature. Select No for pause at the first segment and click OK to proceed [2].
7.5.1. LAB MEDIA: MAH00088 - 00:00-00:24 SCREEN: Lysis icon is clicked, the tube is selected in control mode, and sample volume is being entered.
7.5.2. LAB MEDIA: NICSInst - 01:29-01:32 SCREEN: On for hot-lid control is selected, and 105 degrees Celsius for the temperature is selected. No is selected for pause, and ok is clicked. 

Delete step 8.5.
8. Pre-library Preparation
8.1. Once the pre-lib buffer is thawed and mixed, centrifuge it immediately for 2 to 3 seconds at 200 x g [1].
8.1.1. Talent keeping tubes to centrifuge 

8.2. Prepare a master mix for pre-library reaction by adding 2 microliters of pre-lib enzyme mix to 60 microliters of pre-lib buffer [1], mix the reaction thoroughly and centrifuge briefly [2].
8.2.1. Talent adding pre-lib enzyme mix to pre-lib buffer
8.2.2. Talent keeping the enzyme and buffer mix for centrifugation

8.3. Add 60 microliters of pre-library reaction mix into the pretreated medium sample [1]. After mixing it thoroughly by pipetting, centrifuge immediately for 2 to 3 seconds at 200 x g [2].
8.3.1. Talent adding 60 microliters of pre-library reaction mix into each pretreated medium sample
8.3.2. Talent keeping pre-library reaction mix to the centrifuge

8.4. Place the PCR tube in the preheated Sample Prep Station [1], run the pre-library program, and hold at 4 degrees Celsius [2-TXT]. 
8.4.1. Talent placing the PCR tube in the sample prep station 
8.4.2. Talent running the pre-library program TEXT: 95 °C, 2 min; 12 cycles- 95 °C, 15s, 15 °C, 50 s, 25 °C, 40 s, 35 °C, 30 s, 65 °C, 40 s, 75 °C, 40 s; 4 °C, forever
8.5. Click the Pre_Lib (pre-lib) icon to enter the setup screen, select Tube for the control mode, and input 70 microliters for the sample volume. Select On for the hot-lid control and enter 105 degrees Celsius for the temperature. [1].
8.5.1. LAB MEDIA: MAH00088 - 00:20-00:24 SCREEN: Pre_Lib icon is clicked, Tube is selected for control mode, and sample volume is entered. On is selected for Hot lid control, and 105 degrees temperature is entered. 

Delete step 9.4.
9. Library Preparation
9.1. Prepare a master mix for library reaction by adding 1.6 microliters of library enzyme mix to 60 microliters of library buffer [1], mix the reaction thoroughly, and centrifuge as demonstrated previously [2]. 
9.1.1. Talent adding library enzyme mix to library buffer.
9.1.2. Talent mixing the reaction by pipetting.

9.2. Add 60 microliters of library reaction mix and 2 microliters of Barcode Primer to each pre-library product [1]. Then, mix the reaction thoroughly and centrifuge as demonstrated [2].
9.2.1. Talent adding library reaction mix and barcode primer to each product。
9.2.2. Talent keeping the tubes for centrifugation.

9.3. After centrifugation, place the PCR tube in the thermal cycler, run the library preparation program and then hold at 4 degrees Celsius [1-TXT]. 
9.3.1. Talent placing PCR tube in the thermal cycler TEXT: Program: 94 °C, 30 s; 17 cycles- 94 °C, 20 s, 63 °C ,30 s,72 °C, 40 s; 4 °C, forever

9.4. Next, click the Lib_Prep (Lib-prep) icon to enter the setup screen. Select Tube for Control mode and then input 130 microliters for the sample volume, select On for the hot-lid control and enter 105 degrees Celsius for the corresponding temperature. [1].
9.4.1. LAB MEDIA: MAH00088 - 00:19-00:24 SCREEN: Lib_Prep icon is clicked. The Tube is selected for control mode, the Sample volume is entered, on is selected for Hot lid control, and 105 degrees temperature is entered.

Add step 10. Library Purification
10.  Library Purification
10.1.  Prepare the reagents and tools. Add the 0.75x prepared Magbeads to the library sample. (Example: 75ul prepared Magbeads to 100 µL of library sample)
10.1.1. Prepare the reagents and tools. 
10.1.2. [bookmark: _GoBack]Shot of adding the 0.75x prepared Magbeads to the library sample.

11. Library Quantification, Sequencing, and Data analysis
11.1. Quantify purified libraries as described in the text manuscript [1-TXT] and use 10 nanograms of each library sample for pooling [2-TXT]. 
11.1.1. Representative shot of talent quantifying the library or talent performing single step/action of library quantification. TEXT: Yield: ~15 to 300 ng
11.1.2. Talent pooling library. TEXT: For sequencing details, refer to the text.
11.2. Refer to the sequencing user guide (15027617v01). Purified library sequences of 50 bp at a single end on the platform yielded approximately 2 million reads for each sample, and a 0.03 × sequencing depth was recommended.
 	  11.2.1 Talent sequencing the libraries according the sequencing user guide. 
11.3. Refer to the sequencing user guide (15027617v01). Perform data analysis after sequencing is completed. Enter the users’ Name and Password on the login page for data analysis in ChromGo. Once logged in, click Create Submission under the NICS (ni-k-s) tab [1]. 
11.3.1. SCREEN: Name and Password being entered in the login page, and Create Submission is clicked under NICS tab  (Submitted vedio “11.3.1 to 11.4.1”  00:00-00:12)( the photographer captured the long shots,)

11.4. Then, choose NGS (N-G-S) for the platform, select corporation, choose NICSInst (Ni-K-s-I-N-S-T) for the reagent, enter the project information in the box under Project ID, set the analysis preferences, and upload the files. Once all sequencing files are successfully uploaded, click Submit to start the analysis [1].
11.4.1. SCREEN: NICSInst is selected for reagent, project information is entered, analysis preference is set. Then Sequencing files are uploaded and submit is clicked. (Submitted vedio “11.3.1 to 11.4.1”  00:13-end))

11.5. Click the View Submissions to show the list of the submitted projects [1]. Once the analysis is complete, the status of a project will become completed, and a show button will appear in the report field. Click the Show button to view the summary table of NICS analysis. Click the Export report button to save the reports [2].
11.5.1. SCREEN: View Submissions is clicked  (Submitted vedio “11.5.1 to 11.5.2”  00:00-00:02)
11.5.2. SCREEN: Project status is complete, and show button is clicked, the summary is visualized, and the export button is clicked (Submitted vedio “11.5.1 to 11.5.2”  00:02-end)



Results
12. Results: Embryo Screening and Selection using NICS from a Patient
12.1. Six blastocysts were obtained from patients, and NICS was performed on all 6 embryos from day 4 to day 5 medium. The chromosome abnormalities caused by parents’ balanced translocation were detected in five of the chromosomes using the NICS assay, and therefore, they were not used for transfer [1]. 
12.1.1. LAB MEDIA: Figure 4

12.2. The NICS results of the two embryos showed the same karyotype 45, XN (X-N), and -18 (×1) (Chromosome 18 deletion) were both chromosome 18 deletions [1]. The karyotype 46, XN, -1p (short arm of the chromosome 1 region deletion) was only the short arm of the chromosome region deletion [2].
12.2.1. LAB MEDIA: Figure 4A, B
12.2.2. LAB MEDIA: Figure 4D

12.3. The NICS results showed karyotype 46, XN with the long arm of chromosome 18 region deletion and the short arm of chromosome 1 region duplication [1]. 
12.3.1. LAB MEDIA: Figure 4E

12.4. Although the karyotypes were chromosome 5 duplications and showed 8 mosaic differences, the NICS assay could screen all 24 chromosomes for aneuploidy. This process provides a new method for transferring single normal karyotype blastocysts [1].
12.4.1. LAB MEDIA: Figure 4C



Conclusion
13. [bookmark: _Hlk27388131]Conclusion Interview Statements

13.1. Jin Huang: While attempting this procedure, it’s important to remember to completely remove the cumulus cells to avoid the maternal origin contamination and collect the cultured medium at the expanded blastocyst stage when the DNA content is enough for amplification. (3.1;3.4;4.1)
13.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 

13.2. Xiaohui Zhu ：By using NICS technology, the present study streamlined the WGA and NGS library preparation steps in approximately 3 h and obtained CCS results noninvasively in approximately 9 h.


13.3. Ping Liu: After its development, this technique provides clinician in ART a novel way to combine morphological assessment with NICS assay to transfer a ploidy embryo with good morphology into the uterus, might improve the ongoing pregnancy rates and live birth rates.

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