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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: 26
Number of Shots: 59

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
This research has been approved by the Institutional Animal Care and Use Committee. 


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. Cryopreservation and Genomic DNA Extraction
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 sheep fetal fibroblasts that have already undergone CRISPR-Cas9 transfection and 48 hours of culture [1]. Allocate approximately two-thirds of the cell suspension for cryopreservation and one-third for genomic DNA (D-N-A) extraction into labeled 1.5-milliliter tubes [2], then centrifuge all tubes at 200  g for 5 minutes [3].
2.1.1. WIDE: Talent placing the cultured CRISPR-Cas9-transfected SFFs in the biosafety cabinet
2.1.2. CU: Talent dividing the cell suspension into labeled tubes for cryopreservation and genomic DNA extraction
2.1.3. Talent placing the labeled tubes in the centrifuge and closing the lid

2.2. Resuspend the cell pellet designated for cryopreservation in 500 microliters of freezing medium and transfer the cells into cryovials [1]. Place the cryovials in a controlled-rate freezing container at minus 80 degrees Celsius, while minimizing the time the cells remain in freezing medium before transfer [2].
2.2.1. Talent resuspending the cell pellet in 500 µL of freezing medium and transferring the cells into cryovials
2.2.2. Talent placing the cryovials in a controlled-rate freezing container at minus 80 degrees Celsius

2.3. Resuspend the cell pellet designated for genomic DNA extraction in 200 microliters of Dulbecco's PBS, or DPBS [1]. Extract genomic DNA using a genomic DNA purification kit according to the manufacturer's instructions [2].
2.3.1. Talent resuspending the cell pellet in 200 µL of DPBS
2.3.2. Talent adding reagent in samples with the purification kits visible in the background

3.  Genome Editing Efficiency Analysis
Demonstrator: Click here to enter name of demonstrator(s) 

3.1. Amplify the target loci from the isolated DNA using high-fidelity DNA polymerase and the previously designed polymerase chain reaction primers [1]. Confirm amplification by agarose gel electrophoresis using a 1% agarose gel with a 1-kilobase DNA ladder [2]. 
3.1.1. Talent placing the PCR tube in the PCR instrument and closing the lid
3.1.2. Talent adding the sample into the wells of the gel and starting the run

3.2. Purify the polymerase chain reaction products using a polymerase chain reaction purification kit [1] and submit the purified products for Sanger sequencing [2].
3.2.1. Talent adding reagent in samples with the purification kits visible in the background
3.2.2. Talent adding the sample to the tube labeled as Sanger sequencing and packing it for submission

3.3. For knockout edits, open Tracking of Indels by Decomposition software, enter the sample name in the title plot box, and the guide RNA sequence in the guide sequence field [1]. Under the control sample chromatogram, select browse and upload the chromatogram of the unedited control sample [2], followed by uploading the chromatogram of the edited test sample under the test sample chromatogram by selecting browse [3].
3.3.1. SCREEN: Tracking of Indels by Decomposition software being opened. Sample name being entered in Title plot. Guide ribonucleic acid sequence being entered in Guide sequence
3.3.2. SCREEN: Browse being selected under Control Sample Chromatogram and Unedited control chromatogram being uploaded
3.3.3. SCREEN: Browse being selected under Test Sample Chromatogram. Edited test chromatogram being uploaded
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=22176293 

3.4. Open the decomposition tab to view the insertion-deletion spectrum and mutation efficiency, then check the coefficient of determination value in the upper-right corner of the insertion-deletion spectrum [1].	Comment by Vipasha Sharma: Author: Is it correct, or should I use R-square here?
3.4.1. SCREEN: Decomposition tab being opened. Insertion-deletion spectrum, mutation efficiency, and coefficient of determination value being reviewed

3.5. If the coefficient of determination value is below 0.9, select the advanced settings box under parameters and adjust the sliders for the alignment window, decomposition window, and insertion-deletion size until the value exceeds 0.9 and proper alignment is achieved [1].
3.5.1. SCREEN: Advanced settings being selected under parameters. Alignment window, decomposition window, and insertion-deletion size sliders being adjusted


3.6. For knock-in edits, open Tracking of Insertions, Deletions, and Recombination Events software, enter the sample name in the title box and the guide RNA sequence in the guide sequence field [1]. Under the control sample chromatogram, upload the unedited control chromatogram [2], upload a reference chromatogram carrying the desired edit under reference chromatogram [3], and the edited test chromatogram under test sample chromatogram [4]. 
3.6.1. SCREEN: TIDER being opened. Sample name being entered in Title plot. Guide ribonucleic acid sequence being entered in Guide sequence
3.6.2. SCREEN: Browse being selected under Control Sample Chromatogram. Unedited control chromatogram being uploaded
3.6.3. SCREEN: Browse being selected under Reference Chromatogram. Reference chromatogram carrying the desired edit being uploaded
3.6.4. SCREEN: Browse being selected under Test Sample Chromatogram. Edited test chromatogram being uploaded

3.7. Navigate to the decomposition tab to view the insertion-deletion spectrum, mutation efficiency, and homology-directed repair efficiency, then check the coefficient of determination value in the upper-right corner of the insertion-deletion spectrum [1].
3.7.1. SCREEN: Decomposition tab being opened. Insertion-deletion spectrum, mutation efficiency, homology-directed repair efficiency, and coefficient of determination value being reviewed

3.8. If the coefficient of determination value is below 0.9, select the advanced settings box under parameters and adjust the sliders for the alignment window, decomposition window, distance upstream from the break site, and insertion-deletion size until the value exceeds 0.9 and proper alignment is achieved [1]. Repeat sequencing if the sequencing quality is poor.	Comment by Vipasha Sharma: Author: Will this be performed during filming?

3.8.1. SCREEN: Advanced settings being selected. Alignment window, decomposition window, distance upstream from the break site, and insertion-deletion size sliders being adjusted

4. Single-Cell Colony Isolation
Demonstrator: Click here to enter name of demonstrator(s) 

4.1. Thaw the transfected sheep fetal fibroblasts and culture them in a T-25 flask overnight at 37 degrees Celsius with 5% carbon dioxide, 5% oxygen, and 90% nitrogen, or until the cells reach approximately 80% confluence [1]. Remove the medium, wash the cells once with 5 milliliters of DPBS [2], and dissociate the cells with 1 milliliter of trypsin-like dissociation enzyme [3].
4.1.1. Talent placing the thawed transfected SFFs into a T-25 flask for overnight culture under the specified conditions
4.1.2. Talent removing the medium and washing the cells with 5 mL of DPBS 
4.1.3. Talent adding 1 mL of trypsin-like dissociation enzyme
Author: Please clarify how the cells are washed with DPBS so that the corresponding action can be accurately represented in the shot.

4.2. Add cell culture medium to dilute the trypsin-like dissociation enzyme and transfer the cell suspension to a 15-milliliter conical tube [1]. Centrifuge the cells at 200 g for 5 minutes [2]. Discard the supernatant, resuspend the cell pellet into 1 milliliter of cell culture medium, and mix gently to obtain a homogeneous single-cell suspension [5].
4.2.1. Talent adding cell culture medium and transferring the cell suspension to a 15-mL conical tube
4.2.2. Talent placing the 15-mL conical tube in the centrifuge and closing the lid
4.2.3. Talent discarding the supernatant, resuspending the cell pellet in 1 mL of cell culture medium and mixing gently

4.3. Prepare a 1-to-10 dilution of the cell suspension [1], then count the cells using a hemocytometer with Trypan blue [2]. Calculate the volume of diluted cell suspension required to seed approximately 1 cell per well, preparing approximately 500 cells for five 96-well plates [3]. Prepare 10 milliliters of cell culture medium per 96-well plate in a 50-milliliter conical tube [4]. Add the calculated volume of the 1-to-10 diluted cell suspension to the culture medium and mix thoroughly by gentle pipetting and inversion [5].
4.3.1. Talent preparing a 1-to-10 dilution 
4.3.2. SCREEN: cells being counted using a hemocytometer with Trypan blue
4.3.3. Talent calculating the diluted cell suspension volume required to seed approximately 1 cell per well
4.3.4. Talent preparing 10 mL of cell culture medium per 96-well plate in a 50-milliliter conical tube
4.3.5. Talent adding the calculated volume of diluted cell suspension to the culture medium and mixing by gentle pipetting and inversion.
Author: Will the shot 4.3.3. be performed on the computer. If yes, then I will change it to a SCREEN shot

4.4. Transfer the diluted cell suspension into a sterile reagent reservoir [1] and dispense 100 microliters of the cell suspension into each well of a 96-well plate [2]. Incubate the plates at 37 degrees Celsius with 5% carbon dioxide, 5% oxygen, and 90% nitrogen for 5 days [3].
4.4.1. Talent transferring the diluted cell suspension into a sterile reagent reservoir
4.4.2. Talent dispensing 100 µL of cell suspension into each well of a 96-well plate
4.4.3. Talent placing the 96-well at 37 °C

4.5. Examine each well under a microscope and mark those containing a single colony while excluding wells containing more than 1 colony [1]. Identify single-cell-derived colonies by their typically round, compact, and morphologically homogeneous appearance [2].
4.5.1. SCOPE: Wells being examined for the presence of a single colony
4.5.2. SCOPE: Round, compact, morphologically homogeneous single-cell-derived colonies being visualized

4.6. Return the plates to the incubator and culture for an additional 2 days under the same conditions [1]. After 7 days of culture, remove the medium from wells containing a single growing colony and wash each selected well once with DPBS [2]. Add 100 microliters of trypsin-like dissociation enzyme to each selected well and incubate until the cells detach [3]. Add 100 microliters of cell culture medium to each well to dilute the dissociation enzyme [4].	Comment by Vipasha Sharma: Author: Please specify the incubation parameters.
4.6.1. Talent returning the 96-well plates to the incubator for an additional 2 days
4.6.2. Talent removing the medium from selected wells and washing each well with DPBS
4.6.3. Talent adding 100 µL of trypsin-like dissociation enzyme to each selected well.
4.6.4. Talent adding 100 µL  of cell culture medium to each well after cell detachment

4.7. Transfer the entire volume from each selected well into one well of a 24-well plate [1]. Wash the original 96-well plate with additional cell culture medium and transfer the wash to the corresponding 24-well plate well to maximize cell recovery [2]. Bring the final volume in each 24-well plate well to 500 microliters with cell culture medium [3].
4.7.1. Talent transferring the entire volume from each selected 96-well plate well into the corresponding 24-well plate well
4.7.2. Talent washing the original 96-well plate wells and transferring the washes to the corresponding 24-well plate wells
4.7.3. Talent bringing the final volume in each 24-well plate well to 500 µL with cell culture medium

4.8. Incubate the 24-well plates at 37 degrees Celsius with 5% carbon dioxide, 5% oxygen, and 90% nitrogen for 3 days [1]. Examine the wells under a microscope and select colonies that are near confluence [2].
4.8.1. Talent placing the 96-well plate at 37 °C
4.8.2. SCOPE: Colonies being examined and near-confluent colonies being selected

5. Colony Genotyping and Expansion
Demonstrator: Click here to enter name of demonstrator(s) 

5.1. Remove the medium from wells selected for collection, wash once with DPBS [1], and add 500 µL of trypsin-like dissociation enzyme [2]. After the cells detach, add 1 milliliter of cell culture medium to dilute the trypsin-like dissociation enzyme [3].
5.1.1. Talent removing the medium and washing the selected wells 
5.1.2. Talent adding 500 µL of trypsin-like dissociation enzyme
5.1.3. Talent adding 1 mL of cell culture medium after cell detachment

5.2. Freeze the cells [1] and isolate genomic DNA using the same procedure described earlier [1]. Amplify the target loci by polymerase chain reaction [3] and confirm the genotype by Sanger sequencing [4].
5.2.1. Talent placing the cryovials in a controlled-rate freezing container at minus 80 degrees Celsius
5.2.2. Talent adding reagent in samples with the purification kits visible in the background
5.2.3. Talent placing the PCR tube in the PCR instrument and closing the lid
5.2.4. Talent adding the sample to the tube labeled as Sanger sequencing and packing it for submission

5.3. Identify wild-type, knockout, and knock-in colonies based on the sequencing results [1]. Use Tracking of Indels by Decomposition or Tracking of Insertions, Deletions, and Recombination Events analysis to estimate homology-directed repair rates and insertion-deletion spectra for validation of correct editing and identification of colonies that are not single-cell-derived; perform off-target analysis at this stage if required [2]. 
5.3.1. SCREEN: Sequencing results being reviewed to identify wild-type, knockout, and knock-in colonies.
5.3.2. SCREEN: Editing-analysis results being reviewed for homology-directed repair rates, insertion-deletion spectra, and validation of correctly edited colonies

5.4. Expand only colonies with the desired genotype and normal cellular morphology [1]. The expanded cells are subsequently used as donor cells for somatic cell nuclear transfer to generate genetically modified embryos [2].

5.4.1. Talent selecting colonies with the desired genotype and normal cellular morphology for expansion
5.4.2. Talent preparing the expanded cells for use as donor cells in somatic cell nuclear transfer
5.5. The genome-editing and Sanger sequencing results from the selected colonies were then evaluated to characterize their mutation profiles [1].
5.5.1. SCREEN: The genome-editing analysis and Sanger sequencing chromatograms of the selected colonies being analyzed 

Author: Step 5.5 has been added to bridge the protocol with the Results section.



















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: 93
· Please note that the video cannot include voiceover without an accompanying visual.

6. Results 

6.1. Tracking of indels by decomposition analysis of the pooled cells showed that 46.9% contained the three-nucleotide deletion corresponding to the F508del mutation, with an R-squared value of 0.96 [1].
6.1.1. LAB MEDIA: Figure 2B. Video Editor: Please highlight the red bar labeled 46.9, followed by the R² = 0.96 value in the upper-right corner

6.2. Sanger sequencing confirmed biallelic knockout mutations in the CF19F (C-F-nineteen-F) and CF49 (C-F-forty-nine) colonies selected for producing cystic fibrosis transmembrane conductance regulator knockout embryos, which contained deletions of 2 [1] and 7 nucleotides, respectively [2].
6.2.1. LAB MEDIA: Figure 2C. Video Editor: Please highlight the missing sequence marked by the shaded gap in the trace labeled CF19
6.2.2. LAB MEDIA: Figure 2C. Video Editor: Please highlight the longer missing sequence marked by the shaded gap in the trace labeled CF49

6.3. Sanger sequencing also confirmed the homozygous F508del (F-five-zero-eight-deletion) mutation in the selected Fd78 (F-D-seventy-eight) [1] and Fd92 (F-D-ninety-two) colonies, characterized by deletion of the CTT sequence [2].
6.3.1. LAB MEDIA: Figure 2D. Video Editor: Please highlight the 3-base gaps marked by the shaded areas in the traces labeled Fd78 
6.3.2. LAB MEDIA: Figure 2D. Video Editor: Please highlight the 3-base gaps marked by the shaded areas in the traces labeled Fd92
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