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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)___Yes______  Authors will either need screen capture software or the videographer to use a scope kit or connect to output to record SCOPE shots below.
Can you record movies/images using your own microscope camera? (Y/N)____Yes_____  
If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope: __However, those microscopes were the old model.  We listed the microscope and camera device for images that we are always using.
Microscope:  Inverted microscope (LEICA DMIRB, Figure 1)
		Entity microscope (Nikon SMZ1500, Figure 2)
Camera:  SONY CCD-IRIS (Figure 3, 4)
Camera adaptor:  SONY CMA-D2 (Figure 3, 4)
B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)____No____ 
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 individual steps using the step numbers listed in this document. (Please do not list entire sections.) 
1. Preparation of Deionized Bovine Serum Albumin
2. Oocyte Collection
3. Preparation of Donor Cells for Nuclear Transfer and Enucleation of Oocytes
4. Fusion of a Donor Cell and an Enucleated Oocyte and Cell Fusion
5. Activation of Reconstructed Oocytes and Treatment with Trichostatin A and Vitamin C
Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  

Please list 1-2 individual steps using the step numbers listed in this document. (Please do not list entire sections.) 
1. Fusion of a Donor Cell and an Enucleated Oocyte and Cell Fusion
Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.
E.  Will the filming need to take place in multiple locations? (Y/N) __Yes_____ If yes, how far apart are the locations? ___Probably, we will use two rooms for filming.  Those rooms are side by side.

1. Introduction (Experimental Goal and Author Interviews) 

A. [bookmark: _Hlk500148183]Experimental Goal: (read by voice talent at JoVE)

The overall goal of this experiment is to improve production efficiency of reconstructed embryos and cloned mice using somatic cell nuclear transfer. (Intro)

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Rika Azuma: This method can help answer key questions in the basic biology, developmental biology and rescuing endangered animals field, such as embryonic development, nuclear reprogramming, and genetic resource conservation.
1.2. Rika Azuma: The main advantage of this method and technique is that it is possible to generate cloned mice with a practical level of efficiency with simple procedures.

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

1.9. Procedures involving animal subjects conformed to the guidelines of Kindai University for the Care and Use of Laboratory Animals.


Protocol: (read by voice talent at JoVE)

2. Preparation of Deionized Bovine Serum Albumin
2.1. After preparing culture medium according to the text protocol [1-WIDE], dissolve 1.2 g of BSA in 10 mL of sterile, RT water [2-CU-TXT].
2.1.1. Talent sets a bottle of medium on bench
2.1.2.  Talent adds BSA to water (TEXT:  Final concentration 12%)
2.2. Add approximately 0.12 g of mixed ion-exchange resin beads to the BSA solution at room temperature with gentle stirring [1-CU].
2.2.1. Talent adds resin beads to BSA solution 
2.3. When the beads change color from blue-green to gold, use a pipette to recover the supernatant solution [1-CU]. Then replace the beads with a fresh batch [2-CU].
2.3.1. Talent pipettes supernatant with gold beads visible in tube
2.3.2. Talent adds supernatant to fresh batch of beads  
2.4. After confirming that the fresh beads do not change color, recover the solution [1-CU-TXT].  Then add 250 L of 10.5% NaHCO3 [2-CU].
2.4.1. Talent recovers solution (TEXT: Refer to text protocol for additional details)
2.4.2. Talent adds NaHCO3
2.5. Using a 0.45 m filter, sterilize the supernatant [1-CU].  Then label it as dBSA stock solution and store it at -20 C [2-WIDE].
2.5.1. Talent applies supernatant to filter
2.5.2. Talent places dBSA stock in freezer
3. Oocyte Collection 
3.1. After performing euthanasia on female mice subjected to super-ovulation according to the text protocol [1-WIDE-TXT], use standard dissection techniques to incise the abdomen to access the reproductive tract [2-CU].
3.1.1. Talent puts euthanized animal down on work bench
3.1.2. Talent dissects abdomen to access reproductive tract
3.2. Using small straight scissors and tweezers, extirpate the oviducts and transfer them to a sheet of filter paper to wipe off the blood from the surface [1-CU].
3.2.1. Talent removes oviducts and transfers to a sheet of filter paper to wipe off blood
3.3. [bookmark: _Hlk494703800]Next, set the oviducts in mineral oil.  Then use dissection needles to cut up the ampulla of the oviduct [1-CU] and move the cumulus-oocyte complexes coming from the ampulla into 200 µL drops of HCZB medium with 0.1% hyaluronidase [2-CU]. Incubate the tissue on a warming plate for 5 min [3-MED/CU].
3.3.1. Talent sets oviducts in mineral oil and cuts up the ampulla with needles
3.3.2. Talent moves cumulus-oocyte complexes into HCZB medium with hyaluronidase
3.3.3. Talent places tissue on warming plate
3.4. [bookmark: _Hlk498627927][bookmark: _Hlk498575071]Under a stereomicroscope, confirm that the cumulus cells are released from the cumulus-oocyte complexes [1-SCOPE].  Then transfer second meiotic, or MII metaphase stage oocytes with some remaining cumulus cells [2-SCOPE] to mKSOM medium containing 0.3% dBSA [3-ECU-TXT].
3.4.1. Talent checks that cumulus cells have been released from the cumulus-oocyte complexes
3.4.2. Talent pipettes oocytes with remaining cumulus cells 
3.4.3. Talent transfers oocytes and cells to mKSOM/dBSA 
3.5. [bookmark: _Hlk493541566][bookmark: _Hlk484473382]Wash the MII stage oocytes four times by pipetting up and down in the medium to detach the remaining cumulus cells [1-CU/ECU-TXT].  Then incubate the oocytes in medium at 37 °C and 5% CO2 until enucleation [2-WIDE]. 
3.5.1. Talent pipettes the oocytes up and down in medium to detach cumulus cells (TEXT: Pipette with <100 µm inner diameter)
3.5.2. Talent places oocytes into incubator
4. Preparation of Donor Cells for Nuclear Transfer and Enucleation of Oocytes
4.1. To isolate the denuded oocytes from the cumulus-oocyte complexes, under a stereomicroscope while using a pipette [1-WIDE/MED], transfer a small number of the remaining cumulus cells dispersed from the cumulus-oocyte complexes to HCZB medium with 6% dBSA [2-SCOPE].
4.1.1. Talent sitting at scope picks up pipette and looks through oculars at oocytes
4.1.2. Talent transfers small amount of remaining cumulus cells to HCZB with 6% dBSA
4.2. Place the cumulus cells on the warming plate at 37 °C until needed for somatic cell nuclear transfer, or SCNT [1-MED].
4.2.1. Talent places cells in medium on 37 C warming plate
4.3. [bookmark: _Hlk487039666]After preparing PVP medium and CB stock solutions according to the text protocol, use a sterilized pipette with 20 µL of HCZB medium containing 5 µg/mL of CB to wash the Mll stage oocytes [1-MED/CU-TXT].  After repeating the wash five times, incubate the oocytes in enucleation solution on the warming plate for 10 minutes [2-MED/CU].
4.3.1. Talent pipettes up HCZB with CB and washes oocytes by pipetting up and down (TEXT: Inside diameter: 150 µm to 200 µm), Videographer have PVP and CB stock solutions in background
4.3.2. Talent finishes the last wash and places dish of oocytes on warming plate
4.4. Next, prepare the enucleation chamber. Then use a pipette to transfer the Mll oocytes into the chamber [1-CU/ECU-TXT].  Add 4 µL of enucleation solution and cover the chamber with mineral oil [2-CU].
4.4.1. [bookmark: _Hlk498599829]Talent places chamber down on bench then transfers oocytes into chamber with pipette (TEXT: inside diameter: 150 µm to 200 µm) (Editor: Use either 4.4.1 or 4.4.1a here, whichever looks better)
4.4.1a: [Added Shot]: Extra CU shot added
4.4.2. Talent adds enucleation solution to chamber and covers with mineral oil
4.5. Under a microscope at room temperature, identify the spindles and chromosomes of the MII stage oocyte [1-SCOPE]. Then using a holding pipette and micropipette [2-ECU], orient the oocyte with the pronounced first polar body, so that the positioning of the spindle and chromosome is at the 3 or 9 o’clock position [3-SCOPE].
4.5.1. Talent identifies spindles and chromosomes, Videographer, have talent point out spindles and chromosomes, Editor, use arrows and text to point out spindles and chromosomes (continue to 4.5.3) (TEXT:  400X)
4.5.2. Talent picks up holding pipette and micropipette.
4.5.3. Talent orients oocyte with pronounced first polar body with the positioning of spindle and chromosome at 3 or 9 o’clock.  Authors, please point out the first polar body and the spindle and chromosome.  Editor, similar to Figure 2B, add in the red and black arrowheads to show the polar body and spindle/chromosome, respectively.  Alternatively, beginning with ‘so that the positioning,’ use Figure 2B and add in the 3 o’clock and 9 o’clock panels individually when each is mentioned.  
4.6. Set the piezo pulse intensity to 3 - 6, and using a micromanipulation pipette [1-CU-TXT], drill to the zona pellucida and open a hole in it.  Then with a minimal amount of cytoplasm, completely enucleate the spindles and chromosomes [2-SCOPE].
4.6.1. Talent sets pulse intensity to 3 – 6. then picks up micromanipulation pipette) (TEXT: 7 - 8 µm inner diameter flat-ended tip). (Editor: The authors did not change the VO referring to the pipette, but struck is from the shot because they said it was not used. I’m leaving it in the VO for now, but they may request to remove it later)
4.6.2. Talent drills hole to open zona pellucida, then with minimal amount of cytoplasm, completely enucleates spindles and chromosomes
4.7. Under visible light, confirm the absence of chromosomes in the cytoplasm [1-SCOPE].  Then with mKSOM medium containing 0.3% dBSA lacking CB, thoroughly wash the enucleated oocytes [2-ECU]. Incubate the dish at 37 °C and 5% CO2 until cell fusion [3-WIDE].
4.7.1. Oocyte without chromosomes in the cytoplasm, Authors point out where the chromosome was and the opening in the zona pellucida, similar to Figure 2C, middle panel.  Alternatively, use Figure 2C, left and middle panel to show the absence of chromosomes in the middle panel compared to the left panel.  
4.7.2. Talent washes embryos
4.7.3. Talent places plate of embryos into incubator
5. Fusion of Donor Cell and Enucleated Oocyte 
5.1. To prepare HVJ-E, add 260 L of ice-cold HVJ-E suspension solution to lyophilized HVJ-E and pipette up and down until fully suspended.  Prepare 5 µL aliquots of the solution [1-MED/CU-TXT] and store them at -80 °C until cell fusion [2-WIDE-TXT].
5.1.1. Talent adds ice-cold HVJ-E to lyophilized HVJ-E and pipettes to fully suspend then starts to prepare 5 L aliquots (TEXT: Refer to Table of Materials in text protocol)
5.1.2. Talent places box of HVJ-E tubes into the freezer incubator (TEXT: Refer to text protocol for additional details)
5.2. To carry out cell fusion, use 20 L of cell fusion buffer to dilute 5 L of HVJ-E solution.  Place the diluted HVJ-E solution on ice until use [1-CU-TXT].
5.2.1. Talent prepares cell fusion buffer and places on ice (TEXT: Refer to text protocol for additional details)
5.3. After preparing the cell fusion chamber as shown here [1-CU] use a pipette to transfer the enucleated oocytes to HCZB medium in the chamber [2-ECU-TXT].
5.3.1. Talent places chamber on the bench, Alternatively, use Figure 3A here.
5.3.1a: [Added Shot]: CU of oocytes added (Editor: I’m not really sure where the author intended this to go. It could likely be used as an inlay during 5.3.2, or in place of 5.3.1 if it looks better)
5.3.2. Talent uses pipette to transfer oocytes to HCZB medium in chamber (TEXT: Inside diameter: 150 µm to 200 µm)
5.4. Add 4 µL of each solution as shown [1-CU-TXT] and use approximately 1 mL of mineral oil to cover the chamber [2-ECU].
5.4.1. Talent adds the 4 solutions into the 4 chambers as shown in Figure 3A, Editor, use arrows and text as in Figure 3A to list each solution going into each well.  The HCZB/6% BSA will go into the donor cell well. (TEXT: HCZB/6% BSA for donor cells, HVJ-E, HCZB medium, 9% PVP in HCZB)
5.4.1a: [Added Shot]: CU of the solution. (Editor: This could be used in place of 5.4.1 if it looks better)
5.4.1b: [Added Shot]: Talent brings the chamber to the microscope and adds donor. (Editor: I’m not really sure where the author intended this to go)
5.4.1c: [Added Shot]: (SCOPE): CU of the donor. (Editor: I’m not really sure where the author intended this to go)
5.4.2. Talent adds mineral oil to cover chamber
5.5. [bookmark: _Hlk493524575]Place the chamber with the enucleated oocytes at room temperature under a microscope at 400X magnification [1-MED/CU]. Then using the micromanipulation pipette, transfer the donor cells into the HVJ-E suspension solution [2-SCOPE].
5.5.1. Talent places chamber under microscope
5.5.1a: [Added Shot]: Talent takes oocytes from incubator and aspirates oocytes. (Editor: I’m not really sure where the author intended this to go)
5.5.1b: [Added Shot]: Talent transfers oocytes to the chamber. (Editor: I’m not really sure where the author intended this to go)
5.5.2. Talent transfers donor cells into HVJ-E suspension
(Author Comment: 5.5.2 - 5.7.2: In these scope shots the process is repeated 5 times.)
5.6. Aspirate the cumulus cells one by one to equally separate them from each other, enabling serial cell fusion [1-SCOPE]. Then with a holding pipette, keep the enucleated oocytes in HCZB medium and use the piezo pulse with the micromanipulation pipette to drill the zona pellucida [2- SCOPE].
5.6.1. Talent aspirates cumulus cells to equally separate them from one another
5.6.2. Talent holds enucleated oocytes down and uses piezo pulse to drill the zona pellucida
5.7. After opening the hole in the zona pellucida, pipette a cumulus cell with approximately 5x the volume of the HVJ-E solution [1- SCOPE] and expel it tightly into the oocyte membrane, without going through the membrane [2- SCOPE -TXT].
5.7.1. Talent pipettes a cumulus cell with HVJ-E (TEXT: Refer to text protocol for additional details)
5.7.2. Talent inserts the cell tightly into oocyte membrane without going through membrane
5.8. Following manipulation of cell fusion, promptly transfer the oocytes to mKSOM medium containing 0.3% dBSA [1-CU], and move them to an incubator at 37 °C and 5% CO2 for 1 h [2-WIDE].
5.8.0. [Added Shot]: Aspirate fused oocytes under the microscope. (Editor: There is no corresponding VO for this shot, so I’m not sure how to include it)
5.8.1. Talent transfers oocytes to mKSOM/0.3% dBSA  (Videographer Comment: The first shot labeled as 6.2.1 is mis-slated and is actually 5.8.1)
5.8.2. Talent places oocytes into incubator  (Videographer Comment: The first shot labeled as 6.2.2 is mis-slated and is actually 5.8.2)
5.9. Rika Azuma, Step 5.8: The cell fusion steps need to be completed within 10 min from placing the enucleated oocytes in HCZB medium under the microscope to returning them to the incubator [1-INTERVIEW].
5.9.1. Talent recites the above statement looking off camera
6. Activation of Reconstructed Oocytes and Treatment with Trichostatin A and Vitamin C
6.1. Following cell fusion, under a microscope at 400X magnification [1-MED], check for premature chromosome condensation in the reconstructed oocytes [2- SCOPE].
6.1.1. Talent sitting at microscope looking through oculars
6.1.2. Talent checks premature chromosome condensation in reconstructed oocytes
6.2. Transfer the reconstructed oocytes to activation medium containing trichostatin A, or TSA [1-ECU-TXT], and incubate them at 37 °C and 5% CO2 in air for 6 h [2-WIDE].
6.2.1. Talent transfers reconstructed oocytes to activation medium/TSA (TEXT: Refer to text protocol for medium details)
6.2.2. Talent places oocytes into incubator 
6.3. Observe the formation of pro-nuclei in the SCNT embryos [1-SCOPE], then apply 2 more hours of TSA treatment in mKSOM medium with 0.3% dBSA [2-CU].  Carry out vitamin C treatment according to the text protocol [2-CU] [6.3.3]. 
6.3.1. Formation of pro-nuclei in SCNT embryos, Alternatively, use Figure 3C here. This shot is of "Reconstructed oocytes 6 hours after activation
6.3.2. Talent adds more TSA to oocytes.
6.3.3. [Added Shot]: Culture of developed to 2 cell stage embryo 24 hours after activation.

(Videographer Comment: Other notes for video editor at JoVE: The first shots labeled as 6.2.1 and 6.2.2 are mis-slated and are actually shots 5.8.1 and 5.8.2.)
7. Results: Somatic Cell Nuclear Transfer in Mice using Trichostatin A and Vitamin C Treatment
7.1. As seen in this table, the TSA and vitamin C treatment on cloned mice oocytes showed a very high rate of pronuclear formation and developed to the 2-cell stage under all conditions [1-LM].
7.1.1. LAB MEDIA Table 1, Editor, when the pronuclear formation is mentioned, draw a red box around the second to last column on the right (No. of oocytes showing pronuclei formation (%)). Then move the box to the last column for ‘2-cell stage under all conditions.’  
7.2. [bookmark: _Hlk487103579]Some cloned embryos, which were derived from cumulus cells and developed to the 2-cell stage, were transferred to oviducts of pseudo-pregnant females. This figure shows six cloned offspring that developed out of 72 transferred embryos, produced from three pregnant females by the serial treatment of TSA and vitamin C [1-LM].	
7.2.1. LAB MEDIA Figure 4. pdf
7.3. Finally, as demonstrated here, the treatment with TSA and VC significantly improved the efficiency of in vitro embryonic development to the blastocyst stage [1-LM].
7.3.1. LAB MEDIA Table 2.pdf, Editor, use two red arrows coming in from the right side to point out the TSA, VC rows in the table.

8. Conclusion (said by authors on camera)

8.1. Rika Azuma: While attempting this procedure, it’s important to remember that all necessary media and reagents are prepared in advance. The procedure itself is simple to follow and well-prepared materials will ensure achieving expected results.
8.2. Rika Azuma: After watching this video, you should have a good understanding of how to produce reconstructed oocytes.

Provided Media

Authors, Please list all images, movie files, or 3-D rendered animations that can be included in the video per editor’s request.  The step in the script/video where these images will be inserted should be specified.   For example:

6.2 –  0123_PIname_Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 
6.2 –  0123_PIname_Figure2.tif -  dual color imaging of tumor angiogenesis at 100X

Formats:  For static images we prefer .tiff, .eps, Illustrator, Powerpoint or Photoshop files at dimensions of at least 720X480 pixels and 300 dpi.  The higher resolution, the better.  Likewise any exported movie files should have at minimum these dimensions and be rendered to .mov, .mp4, or .avi files.  

Insert your media filenames here.

-image file: rep_Production of cloned embryos_Table 1.pdf
-image file: rep_Cloned offspring_Figure 4. pdf
[bookmark: _GoBack]-image file: rep_Embryonic development of cloned embryos_Table 2.pdf


General Preparation

It’s critical for a smooth and organized shoot that all reagents are accounted for, in advance.   

Any overnight or long incubation steps should be recognized and specimens/samples be prepared in advance so that prior steps can be recorded and shooting can continue with pre-prepared specimens/samples.  

All tubes/flasks should be pre-labeled neatly before we arrive.  

Ex. Luciferase assay done in 96 well plates should be labeled with negative/positive control wells and experimental samples are labeled accordingly.

You will receive more detailed preparation instructions are included in the email accompanying the finalized script.
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