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Questionnaire Responses:

A.
No adapter kit required from JoVE, all scope views will be made using screen captures.
B.
Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N) YES (If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps.)

C.Authors, from within this document, can you select up to six steps (e.g. 3.4) that require our videographer’s extra attention? 
Answer: 2.7, 2.8, 2.9, 4.12, 4.13, 4.14
D. Authors, if you can also emphasize one or two single critical short steps please contribute your additional tips to success using the optional interviews in the protocol section. Please read the grey box just before the results section.
Answer: 2.5, 4.14
E.
Movement between buildings, about 200 m apart will be needed.
1. Introduction 
A. Experimental Goal (read by voice talent at JoVE):
The overall goals of this experimental approach are to, first, morphologically and biochemically characterize horse oocytes and, second, to compare gametes from the same animal that were processed in vitro or in vivo. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Federica Franciosi: This experimental approach can help answer key questions in oocyte biology and fertility in monovulatory species.  It might also improve the safety of gamete manipulation procedures. 
1.2. Federica Franciosi: This approach was developed to overcome the restricted sample availability of oocytes, especially from monovulatory species.   

1.3. Ghylene Goudet: Demonstrating the OPU procedures will be Prof Stefan Deleuze of the University of Liegi, Cecile Douet the lab manager of my lab and Fabrice Reigner, the manager of the Equine Unit at the INRA, Centre Val de Loire. 
1.3.1. Interview style: Author saying the above 

1.3.2. Stefan looks up from workbench or desk or microscope and acknowledges the camera. (all 3 together)
1.3.3. Celcile looks up from workbench or desk or microscope and acknowledges the camera.
1.3.4. Fabrice looks up from workbench or desk or microscope and acknowledges the camera.
E.  Ethics title card: (for human subjects or animal work, does not count toward word length total)
1.9. Procedures involving animal subjects have been approved by Animal Care and Use Committee CEEA Val de Loire Number 19 at Institut National de la Recherche Agronomique.
Protocol (read by voice talent at JoVE):

2. Ultrasound-guided Ovum Pick-up (OPU)
2.1. On a daily basis, assess the diameter of the ovarian follicles in a cohort of adult mares using ultrasound. [WID]
2.1.1. B Pan over scene, with talent walking the horse to the stable where the ultrasound equipment is located.
2.2. Search for a large follicle [1.WID] with a diameter greater than 33 mm, Once found, [2.CU] prepare to inject 1,500 units of human chorionic gonadotrophin to induce the maturation of the oocyte into a dominant follicle. [3.MED]
2.2.1. Talent using ultrasound on horse (slated 2.1.1)
2.2.2. View of ultrasound screen showing follicle >33 mm diameter (no take written on the slate but the file name)
2.2.3. Talent sets down the ultrasound equipment and loads syringe with gonadotrophin solution (take 2)
2.3. Next, locate the jugular furrow and swab the injection site with alcohol.  [MED]
2.3.1. Palpating horse for vein furrow and when located, applying alcohol
2.4. Then, to make the vein rise, apply some force 2 or 3 cm below the site of injection. [1.CU] Insert the needle almost parallel to the neck, [2.MED] aspirate slightly to ensure that the needle is in the vein, and inject the hormone. [3.CU]
2.4.1. Palpating location of vein to make it rise, vein rises
2.4.2. Inserting needle at shallow angle includes 2.4.3
2.4.3. Drawing back some blood into syringe and then ejecting content into vein (with 2.4.2) (take 1 CU, take 2 MED)
2.5. Prepare an ultrasound probe for vaginal access. Then, connect the needle to a suction system. [2.MED-TXT]. 35 hours after hCG injection, set up the instrumentation for OPU [1.WID] and sedate the mare [1-B]. 
2.5.2 Preparing equipment as described, attaching 50-mL collection tube to suction system, TEXT: 600-mm Single-lumen needle, 1.8 mm o.d. (take 2) (this shot should come before 2.5.1)
2.5.1. Establishing shot of talent bringing the mare in
2.5.1B EXTRA CU sedating the mare 
2.6. Stefan Deleuze:  Good analgesia is extremely important for the animal’s and operator’s safety. An animal that does not feel pain or discomfort will allow manipulation of the ovary, making punctures and flushes easier to perform. [MED/WID]
2.6.1. Interview at work site with sedated mare in background (take 2)
2.7. Once the needle-probe is inserted, [1.CU] one operator must manipulate the ovary to face the probe [2.MED] while the other operator views the ultrasound and manipulates the needle.  [3.MED]
2.7.1. A EXTRA MED preparation of the probe and covered up with a plastic sheet Editor – use wherever it might be useful. 
2.7.1B Inserting probe into mare’s vagina
2.7.2. Talent 1 manipulating the position of the ovary while talent 2 holds probe (take 2)
2.7.3. Talent 2 holding probe and viewing monitor while talent 1 adjusts ovary position
2.7.4. EXTRA insertion of the needle
2.8. Locate the dominant follicle in the echographic image.  Then, use the needle to pierce the vaginal wall and the wall of the dominant follicle. [1.CU] Once the follicle space is accessed aspirate the follicular fluid. [2.CU] Rotate the needle to scrape the follicular wall and detach the cumulus-oocyte complex [3-?]
2.8.1. Ultrasound image screen as needle approaches follicle, then piercing the vaginal wall and follicle wall
2.8.2. 50-mL conical tube connected to suction system getting filled with 
2.8.3. EXTRA rotation of the needle in order to scrape the follicular wall and detach the cumulus-oocyte complex from the follicular wall
2.9. Then, pour the fluid into a large petri dish and, [1.MED] under a stereoscope, search for the COC. [2.MED-TXT] [3.LM] [4.LM]
2.9.1. Transferring fluid from collection tube to dish
2.9.2. Placing dish on scope stage and observing for COC, TEXT: cumulus-oocyte complex (COC)
2.9.3. 2.9.3 Franciosi preov COCs low magnification.jpg
2.9.4. 2.9.4 Franciosi preov COC high magnif.jpg 
2.10. If the COC is not found, then flush out the follicle with warm Dulbecco's modified PBS containing heparin. [1.MED-TXT]  It may take several flushes to collect the COC. [2.CU]
2.10.1. Loading syringe with solution and attaching it back to needle/probe, ejecting solution into mare, TEXT: 5 IU Heparin / mL, 37 ºC
2.10.2. Collecting solution from mare into tube using suction system (continuity of 2.8.2)
2.11. After the COC is found, change the needle to a double-lumen needle [1.MED-TXT] and collect the immature COCs from all of the follicles [2.MED] that are between 5 and 25 mm in diameter. These will be used for in vitro maturation. [3.CU]
2.11.1. Removing needle from mare and changing the needle on the probe, TEXT: 700 mm, 2.3 mm o.d., 1.35 mm i.d.
2.11.2. Reinserting new needle into mare, one talent guiding needle while other manipulates mare
2.11.3. View of ultrasound screen as immature follicle is approached by needle (take 2)
2.12. Once all the follicles from one ovary are aspirated, [1.MED] repeat the same procedures to collect the immature COCs from the other ovary. [2.WID]
2.12.1. Changing the collection tube and repeating the suction of another follicle 
2.13. Now, choose between the COCs.  [1.MED] Keep only COCs with several complete layers of cumulus cells and a brown, finely-granulated ooplasm. Discard the others. [2.LM]
2.13.1. Talent inspecting solution using stereoscope
2.13.2. 2.13 Franciosi immature COCs after selection.jpg 
2.14. At the end of the procedure, inject the mare with 15,000 units of benzyl-penicillin to prevent infection. [1.WID] Then, house the mare in a quiet, clean stable for at least two hours, while she recovers. [2.WID]
2.14.1. Loading syringe with antibiotic and injecting mare
2.14.2. Guiding mare from work space to clean stable, following shot
3. In vitro Maturation
3.1. To mature the immature oocytes, [1.WID] first warm a bottle of supplemented, HEPES-buffered TCM199 to 37 °C. [2.MED-TXT]
3.1.1. Establishing shot of talent in lab, placing bottle in thermostat (2nd part)
3.1.2. Pour it in a 3.5 cm petri dish on the heating plate Author requests to move this to start of 3.3? So maybe they don’t pour it into the dish here? Not sure…Editor perhaps cover all of 3.1 with 3.1.1 if possible and save 3.1.2 shot to cover or complement 3.3.1
TEXT: See the text protocol for solution formulation.
3.2. Next, prepare the IVM medium.  Dispense 500 µL of supplemented, [1.MED] sodium bicarbonate-buffered TCM199 into the wells of a 4-well dish.  [2.CU-TXT] Then, incubate the dish at 38.5 ºC for at least 2 hours. [3.MED-TXT]
3.2.1. Opening 4-well dish and taking aliquot of medium
3.2.2. Dispensing medium into the 4 wells of dish, TEXT: See the text protocol for solution formulation.  
3.2.3. Loading dish into incubator, TEXT: Always incubate at 38.5 ​ºC with humidified air and 5% CO2. (take 2)
3.3. While the IVM is being equilibrated, transfer the immature oocytes to a 3.5-cm dish [1.MED] filled with 2 mL of the warmed HEPES-TCM199.  [2.CU] Move the COCs through different regions of the dish to gently wash away surrounding debris. [3.ECU]
3.3.1. Moving oocytes from storage to 3.5 cm dish with medium
3.3.2. Loading last of oocytes into dish with medium
3.3.3. Swirling the oocytes through the medium in the dish to wash them off MED
3.4. Now, transfer the COCs to the IVM medium and incubate them [1.CU] for 28 hours at 38.5 °C. [2.MED-TXT]
3.4.1. Transferring the COCs from the washing medium dish to the warm 4-well plate containing medium
3.4.2. Covering dish and taking the dish away from bench (to incubator), TEXT: 28 h, 38.5 °C
4. Immunofluorescent Staining of Oocytes 
4.1. To perform a chromosome count on mature COCs, [1.WID] incubate them in 100 µM monastrol for an hour at 38.5 °C. [2.MED-TXT]
4.1.1. Establishing shot of talent carrying plate of mature COCs from incubator
4.1.2. Transferring COCS to monastrol, TEXT: 1 h, 38.5 °C
4.2. Next, remove the cumulus cells by treating the COCs with 0.5% hyaluronidase in HEPES-buffered TCM199.  [1.MED] Monitor this reaction on a heated stage set to 38 ºC. [2.MED]
4.2.1. Applying hyaluronidase solution to COCs
4.2.2. Transferring dish to heated stage at microscope
4.3. Within about five minute remove all of the cells. [1.LM]  Use gentle pipetting to remove the last few stubborn cells. [2.CU]
4.3.1. Plate on stage, talent using gentle pipetting to de-cell last COCs might be slated 4.3.2
4.3.2. 4.2 Franciosi denuded mature oocyte.jpg
4.4. Next, remove the zona pellucida using 0.2% pronase in HEPES-buffered TCM199. [1.MED] Monitor this reaction on a heated stage, as well - it should take about five minutes to complete. [2.MED]

4.4.1. Move the COCs in a solution of 0.2% pronase in HEPES-buffered TCM199 (take 2)
4.4.2. Placing the dish of COCs on the microscope stage, getting situated at the scope and monitoring vie eyepeice
4.5. Then, fix the oocytes in 4% paraformaldehyde in DPBS for 15 minutes [1.MED] at 38.5 °C followed by 45 more minutes of fixation at 4 °C. [2.WID-TXT]
4.5.1. Changing solution to PFA in DBPS (take 2)
4.5.2. Moving oocytes to fridge (4 ºC) TEXT: 15 min at 38.5 ºC + 45 min at 4 ºC
4.6. After the fixation, wash the oocytes by sequentially transferring them between 3 wells [1.MED] of 0.1% polyvinyl alcohol in DPBS.  Use about half-a-milliliter of solution per well. [2.CU]
4.6.1. Transferring oocytes from PFA to well of 0.1% PVA
4.6.2. Transferring oocytes between wells of 0.1% PVA (take 2)
4.7. Then, transfer the oocytes to a well filled with 0.3% Triton X-100 in PBS [1.MED] and let them incubate for 10 minutes at room temperature. [2.MED-TXT]
4.7.1. Loading well with Triton X-100 solution
4.7.2. Transferring oocytes from well of 0.1% PVA to well of Triton X-100, TEXT: 10 min
4.8. To block non-specific signals, bath the cells in DPBS with 1% BSA and 10% normal donkey serum. [1.MED] Incubate the cells for at least 30 minutes at room temperature. [2.MED-TXT] 
4.8.1. Moving oocytes from X-100 loaded well to dish with BSA/serum
4.8.2. Covering dish and starting a timer, TEXT: Optional: 3 - 4 days at 4 ºC
4.9. After 30 minutes, apply the primary antibody and, then incubate the cells at 4 °C, overnight. [1.MED] The following day, wash the oocytes [2.MED-TXT] and apply the secondary antibody for an hour, at room temperature, shielded from light exposure. [3.WID]
4.9.1. Starting the overnight incubation at 4 ºC, TEXT: See text protocol for details on antibody selection.
4.9.2. Washing cells by moving them between wells of 0.1% PVA, TEXT: Wash 3x with 0.1% PVA in DPBA
4.9.3. Moving cells into secondary Ab solution and shielding them from light, then starting timer
4.10. After applying the secondary, wash the oocytes again. [1.MED-TXT] Then, before mounting, attach double-sided tape strips to slides to serve as cover slips supports. [2.CU].
4.10.1. Like 4.9.2, different angle, TEXT: Wash 3x with 0.1% PVA in DPBA
4.10.2. Applying two pieces of tape to a slide, for mounting
4.11. Now, mount the oocytes three-to-four per slide, in a drop of non-hardening, [1.CU] anti-fade mounting medium supplemented with 20 micro-molars of YOPRO1. [2.ECU] Allow the oocytes to settle for about 10 minutes and then apply the coverslips.   [3.CU-TXT]
4.11.1. Adding mouting medium to slide

4.11.2. Adding last of 3-4 cells into mounting medium on slide (take 4)
YOPRO1 is pronounced “Yo Pro One”
4.11.3. Stopping a timer and then placing coverslip onto slide, TEXT: 10 min
4.12. Federica: When imaging on a confocal microscope, the Z-stack must span entirely every chromosome and each step must be smaller than the thickness of a centromere in order to obtain a confident chromosome count. [MED/WID-TXT]
4.12.1. Interview at bench where slides made, TEXT: See text protocol for details on confocal microscopy.
5. Results: Chromosome Segregation, Spindle Length and Acetylation of Oocytes Matured in vitro and in vivo
5.1. Out of 32 COCs retrieved by OPU from dominant follicles, 28 were in metaphase-2.  Using in vitro maturation, 37 of 44 COCs collected from non-dominant follicles were matured to metaphase-2.   The chromosomes of both groups were then compared.  
5.1.1. Fig 1A – animate by showing the left image, then fading to the center image, then fading to the right image (without numbers). Finally, in the last sentence add all the numbers to last image.  The top titles should be shown.
5.2. The in vitro-matured oocytes were often affected by aneuploidy, mostly hyperploidy. This was not observed in the in vivo-matured oocytes.
5.2.1. Fig 1B – At the last sentence add an arrow pointing out the absence of a grey bar next to the left black bar.
5.3. Next, the pole-to-pole spindle length and the diameter of the spindle at its maximum were both measured. The in vitro-matured oocytes were significantly longer and wider than the in vivo-matured oocytes.
5.3.1. Fig 2, show the far left pair of images (top and bottom) with titles to the left and above, add the white lines as follows: up-down with “pole-to-pole” and left-right with “maximum”
5.4. In the same samples, the global acetylation level of H4K16 was measured. The results were as expected: acetylation at H4K16 was significantly lower in in vitro-matured oocytes than in in vivo-matured oocytes.
5.4.1. Fig 2 – fade to the second two images which have very faint red staining in them – the red, which is meant to be seen, may require some image manipulation to make stand out, add arrows to point out the red at “measured”
6. Conclusion (said by authors on camera)

6.1. Ghylene: A well-trained team can process 5 mares in a morning of OPU, with an  80% retrieval rate for the preovulatory oocyte and 50 to 60% retrieval of the immature oocytes.  (take 2)
6.2. Ghylene: During the OPU, always monitor the health and well-being of the animal and be ready to provide adequate veterinary care if needed.

6.3. Ghylene: The experimental approach can be applied to oocytes of other species as well, and is especially applicable where sample availability is an issue, such as wirth humans. (take 2)
6.4. Federica: Based on our results, studies must be undertaken to better understand the cell culture conditions needed for proper chromosome segregation and epigenetic changes.  The overarching goal is to improve IVM efficiency for both veterinary medicine and human infertility treatment.
Provided Media

2.11 – Franciosi – preov COCs low magnification

2.13 – Franciosi – preov COC high magnification

2.13 – Franciosi – immature COCs after selection

4.3 – Franciosi – denuded mature oocyte
5.1 – 5.1_Fig.1A.tif

5.2 – 5.2_Fig.1B.tif
5.3 – Figure2_JoVE.tif

5.4 – Figure2_JoVE.tif
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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