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Author Questionnaire 
1. We have marked your project as author-provided footage, meaning you film the video yourself and provide JoVE with the footage to edit. JoVE will not send the videographer. Please confirm that this is correct. 
√ Correct 


2. Interview statements: Which interview statement filming option is the most appropriate for your group? Please select one.


☒ 	Interview Statements are read by JoVE’s voiceover talent. 


3. Proposed interview filming date: Please indicate the proposed date that your group will self-film interviews: N/A


When you are ready to submit your video files, please contact our Content Manager, Utkarsh Khare. 


Current Protocol Length

Number of Steps: 33 
Number of Shots: 52  

Interviews 

Authors: Statements have been edited for length and clarity. 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. Irving Mitchell Laines-Arcce: Our research asks whether bovine oocytes can support interspecies cloning of deer embryos and advance species conservation.
1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 


Describe the research contexts or systems in which this protocol can be applied.
1.2. Irving Mitchell Laines-Arcce: This protocol can be applied in endangered-species conservation research and wildlife genetic resource banking.
1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 

CONCLUSION:
What does this protocol allow researchers to study or measure?
1.3. Irving Mitchell Laines-Arcce: This protocol enables the study of nuclear-cytoplasmic compatibility between species and the assessment of the viability of interspecific cloned embryos.
1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 


Describe the most important consideration or challenge when performing this protocol.
1.4. Irving Mitchell Laines-Arcce: The primary challenge is completely enucleating the oocyte without damaging its cytoplasm, which is essential for maintaining embryo viability.
1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 



How can future studies build on this work? Describe the questions or research directions that can be investigated next.
1.5. Irving Mitchell Laines-Arcce: Future studies should evaluate embryo transfer into female recipients and determine whether it results in successful pregnancies and viable offspring.
1.5.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 




Ethics Title Card
This research has been approved by Ethics Committee in Animal Experimentation of State University of Ceará and Brazilian Institute of the Environment and Renewable Natural Resources



Protocol  
2. Fibroblast Preparation
Demonstrator: Irving Mitchell Laines Arcce, Natanael Aguiar Braga Negreiros

2.1. Begin by thawing [1] and culturing the fibroblasts 1 to 2 weeks before their use for iSCNT(i-s-c-n-t)  [2].
2.1.1. LAB MEDIA: STEP_1.mp4 00:19 -00:25, 00:27 – 00:37
2.1.2. LAB MEDIA: STEP_1.mp4 00:46 – 00:58
3. Cell Cycle Synchronization

3.1. Synchronize the cell cycle by confluence at the G0/G1 phase [1].
3.1.1. LAB MEDIA: STEP_2.mp4 00:00 - 00:16

3.2. Remove the culture medium from the confluent plate [1]. Add 1 milliliter of 0.25% trypsin-EDTA to a 35-millimeter Petri dish and incubate for 2 minutes in the carbon dioxide incubator at 38.5 degrees Celsius [2]. Next, inactivate the trypsin by adding 2 milliliters of culture medium [3].
3.2.1. LAB MEDIA: STEP_3.mp4 00:00 - 00:10
3.2.2. LAB MEDIA: STEP_3.mp4 00:12 - 00:23, 00:34 – 00:44
3.2.3. LAB MEDIA: STEP_4.mp4 00:00 - 00:07


3.3. Transfer the cell suspension to a 15-milliliter tube [1] and centrifuge at 200 g for 10 minutes [2].
3.3.1. LAB MEDIA: STEP_4.mp4 00:10 - 00:20
3.3.2. LAB MEDIA: STEP_4.mp4 00:21 - 00:35


3.4. Remove the supernatant [1] and resuspend the cell sediment in 1 to 3 milliliters of cell culture medium for iSCNT [2].
3.4.1. LAB MEDIA: STEP_5.mp4 00:04 - 00:16
3.4.2. LAB MEDIA: STEP_5.mp4 00:22 - 00:34, 00:38 – 00:45

4. Oocyte Collection

4.1. Wash the ovaries twice with culture medium [1] and place them in a beaker in a water bath at 38.5 degrees Celsius [2].
4.1.1. LAB MEDIA: STEP_6.mp4 00:03 - 00:16, 00:32 – 00:42
4.1.2. LAB MEDIA: STEP_6.mp4 00:24 - 00:30, 00:45 – 00:52

4.2. Aspirate follicular fluid from follicles measuring 2 to 8 millimeters in diameter using an 18-gauge needle attached to a 10-milliliter syringe containing H-TALP (h-talp) medium [1].
4.2.1. LAB MEDIA: STEP_7.mp4 00:18 - 00:32, 00:45 – 00:58

4.3. Transfer the aspirated follicular fluid to a 50-milliliter conical tube [1] and let it stand for at least 15 minutes in a water bath at 38.5 degrees Celsius [2].
4.3.1. LAB MEDIA: STEP_8.mp4 00:02 - 00:10
4.3.2. LAB MEDIA: STEP_8.mp4 00:12 - 00:22

5. Oocyte Maturation and Denuding 

5.1. After 15 minutes, carefully transfer the entire pellet into a 100-by-15-millimeter Petri dish using a plastic Pasteur pipette [1].
5.1.1. LAB MEDIA: STEP_9.mp4 00:03 - 00:08, 00:10 – 00:19, 00:21 – 00:33

5.2. Use a stereomicroscope to select cumulus-oocyte complexes that have at least three compact layers of cumulus cells and correspond to grades one through three [1].
5.2.1. LAB MEDIA: STEP_10.mp4 00:02 - 00:12, 00:17 – 00:24, 00:30 – 00:40

5.3. Wash the COCs (c-o-sees) three times with half H-TALP [1] and then twice with in vitro maturation medium [2].
5.3.1. LAB MEDIA: STEP_11.mp4 00:04 - 00:14, 00:17 – 00:27
5.3.2. LAB MEDIA: STEP_11.mp4 00:34 - 00:41

5.4. Transfer 20 to 25 COCs to each 100-microliter drop of in vitro maturation medium, then cover with mineral oil [1]. Incubate them at 38.5 degrees Celsius in an atmosphere containing 5% carbon dioxide and saturated humidity for 20 to 22 hours [2]. 
5.4.1. LAB MEDIA: STEP_12.mp4. Timestamps: 00:03 - 00:12, 00:15 – 00:21, 00:35 – 00:42
5.4.2. LAB MEDIA: STEP_12.mp4 00:44 - 00:54 


5.5. Remove the cells from the COC (c-o-c) cluster by gently pipetting them in 200 microliters of hyaluronidase solution for 2 minutes [1].
5.5.1. LAB MEDIA: STEP_13.mp4 00:16 - 00:23, 00:28 – 00:38, 00:45 - 00:48

5.6. Wash the oocytes free of cumulus cells in 2 milliliters of H-TALP medium [1].
5.6.1. LAB MEDIA: STEP_14.mp4 00:05 – 00:15

5.7. Under a stereomicroscope, select the oocytes showing extrusion of the first polar body for subsequent steps [1].
5.7.1. LAB MEDIA: STEP_15.mp4 00:03 - 00:14, 00:19 – 00:30
6. Zona Pellucida Removal and Enucleation

6.1. Incubate the MII-stage (m-two) oocytes in a 100-microliter drop of pronase solution at 38.5 degrees Celsius for 1 to 2 minutes [1]. Observe under a stereomicroscope until the zona pellucida begins to thin [2].
6.1.1. LAB MEDIA: STEP_16.mp4 00:02 - 00:12, 00:14 – 00:24
6.1.2. LAB MEDIA: STEP_17.mp4 00:23 – 00:33

6.2. Immediately retrieve the oocytes [1] and place them in culture medium supplemented with 20% FBS to inactivate pronase [2].
6.2.1. LAB MEDIA: STEP_17.mp4 00:02 - 00:08, 
6.2.2. LAB MEDIA: STEP_17.mp4 00:15 - 00:22, 00:23 – 00:33

6.3. Incubate the oocytes without the zona pellucida in SOF (s-o-f) medium containing 0.4 microgram per milliliter of demecolcine for 20 minutes to induce a cytoplasmic protrusion containing DNA [1].
6.3.1. LAB MEDIA: STEP_18.mp4 00:00 - 00:02, 00:05 – 00:17, 00:24 -00:32

6.4. Next, perform enucleation using micromanipulators attached to an inverted microscope [1].
6.4.1. LAB MEDIA: STEP_19.mp4 00:13 - 00:24

6.5. Rotate the oocyte until the protrusion is positioned at the three o'clock position while aspirating the protrusion along with 5-10% of the cytoplasm using a 25-micrometer blunt-tip injection pipette [1].
6.5.1. LAB MEDIA: STEP_20.mp4 00:00 - 00:09

6.6. Confirm successful enucleation by viewing the aspirated cytoplasm under ultraviolet light [1].
6.6.1. LAB MEDIA: STEP_21.mp4 00:00 - 00:04

7. Cell Fusion

7.1. Add 5 microliters of fibroblasts to the 30 microliters droplet of H-TALP [1], select the uniform, refractive cells and transfer them to a 100 microliters droplet of H-TALP [2].
7.1.1. LAB MEDIA: STEP_22.mp4 00:08 - 00:18
7.1.2. LAB MEDIA: STEP_22.mp4 00:22 - 00:34

7.2. Transfer the enucleated oocytes to a 100-microliter droplet of H-TALP [1].
7.2.1. LAB MEDIA: STEP_23.mp4 00:00 - 00:14

7.3. Expose the oocyte to the PHA (p-h-a) droplet for 4 seconds [1], place it on a cell [2], and confirm that the two have adhered [3]. Then transfer the complex to an H-TALP droplet that is free of any contents [4].
7.3.1. LAB MEDIA: STEP_24.mp4 00:02 - 00:12, 00:16 – 00:26 
7.3.2. LAB MEDIA: STEP_24.mp4 00:44 - 00:46
7.3.3. LAB MEDIA: STEP_24.mp4 00:46 - 00:49
7.3.4. LAB MEDIA: STEP_24.mp4 00:28 - 00:33, 00:50 – 00:58

7.4. After the oocyte and cell have adhered, transfer them to a plate containing 2 milliliters of fusion medium to allow them to settle [1]. Then, place the complex in the fusion chamber between the electrodes, positioning the cell at the six or 12 o'clock position [2].
7.4.1. LAB MEDIA: STEP_25.mp4 00:00 - 00:11, 00:14 – 00:24
7.4.2. LAB MEDIA: STEP_25.mp4 00:27 - 00:38, 00:40 – 00:47

7.5. Using an electroporator, apply a single pulse train consisting of two unidirectional direct-current pulses at 0.72 kilovolts per centimeter, with each pulse lasting 30 microseconds and an interval of 0.1 seconds between pulses [1].
7.5.1. LAB MEDIA: STEP_26.mp4 00:00 - 00:03

7.6. After applying the pulse, transfer each oocyte-cell pair individually to 5-microliter microdroplets of SOF supplemented with 2.5% FBS [1] and culture them at 38.5 degrees Celsius in a 5% carbon dioxide atmosphere [2].
7.6.1. LAB MEDIA: STEP_27.mp4 00:00 - 00:08, 00:09 – 00:19, 00:40 – 00:50 
7.6.2. LAB MEDIA: STEP_27.mp4 00:56 – 01:00

7.7. Assess fusion individually at 30 minutes under a stereomicroscope [1].
7.7.1. LAB MEDIA: STEP_28.mp4 00:08 - 00:19
8. Oocyte Activation and Embryo Culture

8.1. Incubate the reconstructed structures in 100-microliter drops of SOF medium containing 2 millimolar 6-DMAP (d-map) for 3 hours [1].
8.1.1. LAB MEDIA: STEP_29.mp4 00:00 - 00:12, 00:15 – 00:22

8.2. Wash the reconstructed structures in four drops of 100 microliters of SOF medium [1].
8.2.1. LAB MEDIA: STEP_30.mp4 00:04 - 00:16, 00:21 – 00:32, 00:45 – 00:53

8.3. Produce microwell plates by gently pressing a heated glass capillary to the bottom of a 35-by-10-millimeter Petri dish [1]. Produce between 20 and 25 microwells, each 500 micrometers in diameter and 250 micrometers in depth and fill them with SOF medium [2].
8.3.1. LAB MEDIA: STEP_31.mp4 00:00 - 00:10, 00:12 – 00:22
8.3.2. LAB MEDIA: STEP_31.mp4 , 00:24 - 00:32, 00:34 – 00:45

8.4. Place the reconstituted embryos individually in modified microplate wells [1], cover them with 100 microliters of SOF medium [2]. Place the microplates in a tri-gas incubator with 5% carbon dioxide, 5% oxygen, and 90% nitrogen for 7 days [3].
8.4.1. LAB MEDIA: STEP_32.mp4 00:00 - 00:12, 00:15 – 00:25, STEP_31.mp4 00:42- 00:45
8.4.2. LAB MEDIA: STEP_31.mp4 00:34 - 00:39
8.4.3. LAB MEDIA: STEP_32.mp4 00:26 - 00:32



Results

9. Results 

9.1. Interspecific somatic cell nuclear transfer generated zona pellucida-free deer embryos that developed to the morula stage [1] and subsequently reached the blastocyst stage during culture [2]. 
9.1.1. LAB MEDIA: Figure 3. Video Editor: In Panel A on the left, highlight the centrally positioned cloned embryo and its compact cluster of blastomeres.
9.1.2. LAB MEDIA: Figure 3. Video Editor: In Panel B on the right, highlight the centrally positioned cloned embryo and its blastocyst morphology. Also highlight the scale bar in both panels.


9.2. The deer-cattle and cattle-cattle reconstructed embryos showed comparable cleavage rates, indicating that interspecific reconstruction did not detectably impair early cleavage [1]. Blastocyst formation was lower in the deer and cattle group than in the cattle and cattle group, demonstrating reduced developmental progression following interspecific nuclear transfer [2]. 
9.2.1. LAB MEDIA: Table 2. Video Editor: Please highlight the cleavage-rate values for the deer-cattle and cattle-cattle groups, followed by the matching superscript letters.
9.2.2. LAB MEDIA: Table 2. Video Editor: Please highlight the lower blastocyst-formation value in the deer-cattle group and the higher value in the cattle-cattle group. 
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