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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy? N
2. Does your protocol demonstrate software usage? N
3. Which steps from the protocol section below are the most visually important? 
3.1., 5.1., 5.3.
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
3.1. Embryos may float to the surface of the medium when transferred to the FBS medium. You have to look at it carefully.
4.4. Many embryos may die when they are thawed. Thawing must be done quickly.
5.1. Electrodes are tiny. You need to be careful not to let the embryo touch the electrodes.
5.3. The embryos are very fragile after electroporation. You need to manipulate it gently so as not to damage the embryo.
5. Will the filming need to take place in multiple locations (greater than walking distance)? 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. Mohamed Darwish: Our protocol facilitates the preparation of genetically modified mice easily, efficiently, and rapidly from single-cell mouse embryos [1].

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

1.2. Mohamed Darwish: Our protocol combines the use of freeze-thawed 1-cell stage embryos and electroporation, allowing the rapid generation of genetically modified mice, including mutant mice, at high-efficiency and low-mosaic rates [1].

1.2.1. INTERVIEW: Named talent says 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)

1.3. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committees (IACUC) at University of Toyama, University of Tokyo, Jichi University, and Max Planck Florida Institute for Neuroscience.
	


Section - Protocol
2. In Vitro Fertilization
2.1. For in vitro fertilization, begin by superovulating 4- or 8-week old, female C57BL/6J (C-fifty-seven-B-L-six) mice via intraperitoneal injection of 7.5 international units of  pregnant mare serum gonadotropin [1] followed by intraperitoneal injection of 7.5 international units of human chorionic gonadotropin 48 hours later [2].
2.1.1. WIDE: Talent injecting mouse, with PMSG container visible in frame
2.1.2. Talent injecting mouse with hCG container visible in frame
2.2. Next, remove cauda epididymides from sexually mature, 3-5-month old, male C57BL/6J mice [1] and use a dissecting needle to extract clots of spermatozoa [2-TXT].
2.2.1. Tissues being harvested (Author Comment: We shot step 2.2.1. and 2.2.2. few times and at the end of the day (last repeats), we got very clear shots just in case.)
2.2.2. Clot(s) being extracted TEXT: Alternative: Collect spermatozoa w/o sacrificing mice
2.3. Then incubate the clots in a 200-microliter drop of HTF (H-T-F) at 37 degrees Celsius and 5% carbon dioxide for 1.5 hours for capacitation [1-TXT].
2.3.1. Talent placing samples into incubator TEXT: HTF: human tubal fluid
2.4. Sixteen to eighteen hours after human chorionic gonadotropin injection, collect cumulus-oocyte complexes from the oviducts [1-TXT] and incubate the complexes with 200 microliters of HTF [2] covered with liquid paraffin for a no more than 2-hour incubation in the cell culture incubator [3].
2.4.1. Complex being harvested TEXT: Euthanasia: anesthesia + cervical dislocation (Author Comment: We shot step 2.4.1 few times and at the end of the day (last repeat), we got very clear shots just in case.)
2.4.2. COC being added to fluid/fluid being added to COC, with fluid container visible in frame
2.4.3. Drop being covered with liquid paraffin 

2.5. At the end of the incubation, add 1-5 microliters of sperm suspension from the boundary of the incubation medium to the 200-microliter drop of cumulus-oocyte complexes [1] and place the co-culture in the cell culture incubator for 3 hours [2].

2.5.1. Spermatozoa being added to oocyte complexes
2.5.2. Talent placing dish into incubator 

2.6. At the end of the incubation, wash the oocytes with potassium-supplemented simplex optimization medium three times to remove any remaining sperm and cumulus cells [1] and use an inverted microscope to check the pronuclear formation and grade of the one-cell embryos [2].

2.6.1. Oocytes being washed
2.6.2. Talent at microscope, checking oocytes (Author Comment: Mr. Jeffery took a shot of me using the inverted microscope while the embryos appear on the screen.)

3. Embryo Cryopreservation 

3.1. For one-cell embryo cryopreservation, transfer the embryos into a fresh, 200-microliter drop of HTF supplemented with 20% fetal bovine serum for a 10-minute incubation in the cell culture incubator [1].

3.1.1. WIDE: Talent adding embryos to drop(s), with HTF container visible in frame Videographer: Important/difficult step

3.2. At the end of the incubation, transfer 20-100 embryos to 50 microliters of 1-molar dimethyl sulfoxide solution [1] and transfer up to 100 embryos in 5 microliters of solution to the bottom of a cryotube [2].

3.2.1. Talent adding embryos to DMSO, with DMSO container visible in frame
3.2.2. Embryos being added to cryotube

3.3. Cool the embryos for 5 minutes at 0 degrees Celsius [1] before adding 45 microliters of DAP213 (dap-two-one-three) solution down the side of tube [2-TXT].

3.3.1. [bookmark: _GoBack]Talent chilling tube
3.3.2. DAP213 being added to side of tube TEXT: DAP213: 2 M dimethyl sulfoxide, 1 M acetamide, and 3 M propylene glycol

3.4. After capping, keep the cells for an additional 5 minutes at 0 degrees Celsius before quickly storing the tube in liquid nitrogen [1] [2].

3.4.1. Talent chilling tube
3.4.2. Talent placing tube into LN2 storage



4. Clustered Regularly Interspaced Short Palindromic Repeat (CRISPR) Reagent Assembly 

4.1. Prepare 1 microgram/microliter of CRISPR (crisper) RNA [1] and 1 microgram/microliter of tracr (tracker) RNA in Reduced-Serum Minimal Essential medium [2].

4.1.1. WIDE: Talent adding crRNA to tube, with crRNA container and medium visible in frame
4.1.2. Talent adding tracrRNA to tube, with tracrRNA container and medium visible in frame

4.2. Add 6 microliters of each RNA solution to 42 microliters of nuclease-free buffer [1] and place the mixture into a dry heater for 3 minutes at 95 degrees Celsius [2].

4.2.1. Talent adding RNA to tube, with RNA and buffer containers visible in frame
4.2.2. Talent placing tube at 95 °C

4.3. At the end of the incubation, cool the mixture at room temperature for 5 minutes [1] and prepare 1 microgram/microliter of HiFi Cas9 (high-fye cass-nine) protein with reduced-serum minimal essential medium [2].

4.3.1. Talent placing reagents at RT
4.3.2. Talent adding HiFi Cas9 to medium, with Cas9 and medium containers visible in frame

4.4. Add 6 microliters of the diluted HiFi Cas9 solution to the RNA solution [1] and transfer up to 100 thawed embryos into 25 microliters of the resulting ribonucleoprotein complex solution in a one-hole glass slide [2].

4.4.1. HiFi Cas9 solution being added to RNA solution Videographer: Important/difficult step
4.4.2. Embryos being added to RNP solution on slide Videographer: Important/difficult step

4.5. Then incubate embryos for 10 minutes at 37 degrees Celsius [1].

4.5.1. Talent placing slide at 37 °C

5. CRISPR Electroporation

5.1. For embryo electroporation, at the end of the incubation, set the electroporator parameters [1-TXT] and load the slide onto the electroporator [2].

5.1.1. WIDE: Talent setting electroporator Videographer: Important/difficult step TEXT: See text for electroporator details
5.1.2. Talent loading slide Videographer: Important/difficult step
5.2. Mohamed Darwish: Electroporation should be performed within 1 hour of thawing to ensure that the genome editing occurs before the first replication of DNA and to prevent mosaicism [1].

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

5.3. After the electroporation, wash the embryos three times with modified Krebs-Ringer Bicarbonate Buffer 2 medium [1] and two washes with a drop of potassium-supplemented simplex optimization medium covered with liquid paraffin [2].

5.3.1. Talent washing embryos, with M2 medium visible in frame Videographer: Important/difficult step
5.3.2. Embryos being washed, with KSOM container visible in frame Videographer: Important/difficult step

5.4. Then incubate the embryos in fresh potassium-supplemented simplex optimization medium in the cell culture incubator overnight [1].

5.4.1. Talent placing embryos into incubator



Section – Results
6. Results: Representative Knockout Mouse Generation Efficiency and Mosaic Rate Evaluation

6.1. Using this modified cryopreservation method for one-cell embryos improves the developmental rate of the freeze-thawed embryos to the two-cell stage [1].

6.1.1. LAB MEDIA: Figure 1 Video Editor: please emphasize green data bar

6.2. Using this method, all of the generated mice in this representative experiment were albino [1] with only one mosaic mouse bearing a coat with white and black patches [2].

6.2.1. LAB MEDIA: Figure 2C Video Editor: please emphasize all white mice in both images
6.2.2. LAB MEDIA: Figure 2C Video Editor: please emphasize white and black mouse in right image

6.3. Here a representative section of a chromatogram from an albino mouse containing the M1 allele can be observed [1].

6.3.1. LAB MEDIA: Figure 2E

6.4. As illustrated, the protocol can generate knockout [1] and knock-in mice with a high efficiency and low mosaic rates [2].

6.4.1. LAB MEDIA: Table 1 Video Editor: please emphasize KO data rows
6.4.2. LAB MEDIA: Table 1 Video Editor: please emphasize KI data rows

6.5. Indeed, the F1 offspring of homozygous F0 offspring are heterozygous, containing one mutant and one wild type allele with no disparate mutations [1].

6.5.1. LAB MEIDA: Figures 2D and 2E Sequence analysis




Section - Conclusion
7. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
7.1. Mohamed Darwish: Remember that the fertilized egg is fragile at the one-cell stage. The addition of FBS reinforces the embryo, but it must be handled carefully at each step [1].
7.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera (Step: 3.1., 4.4., 5.2.)
7.2. Mohamed Darwish: This method can contribute to the analysis of gene function and research in human diseases by facilitating a faster and more efficient production of genetically modified mice [1].
7.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
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