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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy? Y, Zeiss, Axiovert 200, Olympus SZX16, Inami Ophtalmic Instruments, Deca21
2. Does your protocol demonstrate software usage? N
3. Which steps from the protocol section below are the most important for viewers to see?
3.6., 4.7., 4.8., 5.3.-5.5.
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
4.8 can be considered as the most challenging step. Well trained personnel ensure the effectiveness of this manipulation.
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. Paulina Koza: Transgenic animals are fundamental to modern biomedical research, as they allow studies of gene function in living organisms. Various methods of genetic modifications have been applied in animal research [1].

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

1.2. Paulina Koza: Here we present a widely accessible and effective technique that uses lentiviral vectors as a tool for transgene incorporation into the genome of a rat embryo [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 Local Ethics Committee for Animal Experiments and all procedures using lentiviral vectors should be carried out in accordance with BSL2 guidelines.


Section - Protocol
NOTE to Video Editor: This shoot had to be done twice and the comments here are from the Videographer’s notes after the first shoot, which was a mess. One issue was that they thought vid would bring scope camera and that didn’t happen. No shoot notes were submitted after the second shoot, so it is unclear if anything changed the second time around. 	Comment by Paulina Koza: Does not sound as a professional comment, knowing that the mess was on your part of the deal. We were ready with everything that should have been recorded. You were not, due to complete lack of communication between JOVE workers. 
2. Transgenic Rat Generation
2.1. After human chorionic gonadotropin administration, mate 5-week-old Wistar female rats 1:1 with sexually fertile, 3-10-month-old Wistar males [1-TXT].
2.1.1. WIDE: Talent placing rat(s) into cage TEXT: See text for hormone administration details
2.2. At 8-10 a.m. the next morning, check the females for the presence of a vaginal plug [1] and harvest the oviducts from the females with a mating plug by no later than 10 a.m. into a collection dish containing pre-warmed M2 medium [2-TXT].
2.2.1. Shot of plug
2.2.2. Talent placing oviduct into dish, with medium container visible in frame Videographer: No rat in shot TEXT: Euthanasia: According to institutional guidelines
2.3. When all of the oviducts have been collected, transfer the tissues into a 35-millimeter dish containing pre-warmed M2 medium supplemented with 0.5 milligrams/milliliter of hyaluronidase from bovine testes [1] and place the dish under a stereomicroscope [2].
2.3.1. Tissue being placed into dish, with medium container visible in frame NOTE: Use shot 2.2.2B here, don’t use 2.3.1. 
2.3.2. Talent placing dish under microscope
2.4. Use fine forceps to open the walls of the oviduct [1] and press the ampulla until the embryos are freed [2].
2.4.1. SCOPE: Wall being opened
2.4.2. SCOPE: Ampulla being pressed/embryos being freed
2.5. To facilitate the release of the embryos from the cumulus cells [1], use a glass transfer pipette connected to a mouth-operated aspirator tube to gently pipette the embryos up and down [2-TXT].
2.5.1. Talent picking up mouthpiece/putting piece into mouth, with tube and pipette visible in frame
2.5.2. [bookmark: _Hlk19725724]SCOPE: Embryo(s) being pipetted TEXT: See text for transfer pipette preparation details
2.6. When all of the embryos have been released, wash the cells a few times in fresh M2 medium to remove the hyaluronidase and cellular debris [1] and transfer the embryos into individual 50-microliter drops of pre-equilibrated M16 medium covered by mineral oil in a 60-millimeter dish [2]. 
2.6.1. SCOPE: Embryos being washed
2.6.2. SCOPE: Embryo being placed into drop
2.7. Then place the dish into a humidified 37-degree Celsius incubator with a 5% carbon dioxide atmosphere until their injection [1].
2.7.1. Talent placing dish into incubator
3. Lentiviral Vector Microinjection
3.1. For lentiviral vector microinjection under the zona pellucida of the one-cell-stage embryos, use a pipette puller to prepare microinjection borosilicate glass capillaries with a filament [1].  
3.1.1. WIDE: Talent pulling pipette
3.2. After every time the filament is changed or a new glass capillary is used, run a ramp test to set the optimal parameters [1-TXT]. 
3.2.1. Talent running ramp test TEXT: Parameters vary according to puller and filament type 
3.3. Next, use a microloader tip to load approximately 2 microliters of freshly thawed lentiviral solution per microinjection pipette under a biosafety laminar flow hood [1] and add a 100-microliter drop of M2 medium to the center of the lid from a 60-millimeter Petri dish [2].
3.3.1. Talent loading tip
3.3.2. Drop being added to lid NOTE: 3.3.2 was combined with 3.4.1. 
3.4. Cover the medium with mineral oil [1] and mount the holding pipette and the virus-loaded microinjection capillary onto a micromanipulator [2].
3.4.1. Medium being covered
3.4.2. Talent lading capillary onto manipulator
3.5. Place the microinjection dish under an inverted microscope [1] and transfer 15-20, one-cell-stage embryos into the M2 drop in the microinjection dish [2].
3.5.1. Talent placing dish under microscope
3.5.2. SCOPE: Embryos being added to drop
3.6. Capture one embryo with the holding pipette [1] and use the 400x magnification and the glass capillary to inject the lentiviral solution under the zona pellucida into the perivitelline space [2], holding the capillary under the zona pellucida for a moment after the virus has been delivered [3-TXT].
3.6.1. SCOPE: Embryo being held 
3.6.2. SCOPE: Virus being injected Videographer: Important step; can combine 3.6.2. and 3.6.3. as necessary/appropriate
3.6.3. SCOPE: Capillary being held under ZP Videographer: Important step; can combine 3.6.2. and 3.6.3. as necessary/appropriate TEXT: Repeat microinjection to increase number of viral particles on egg surface as desired
3.7. When all of the embryos have been injected, use a fine pipette to return the injected cells to the culture dish [1] and return the dish to the cell culture incubator until their implantation [2].
3.7.1. SCOPE: Embryos being added to dish
3.7.2. Talent placing dish into incubator
4. Injected Embryo Transfer
4.1. To prepare the foster mothers for the embryo transfer, mate sexually mature Sprague Dawley females with vasectomized males [1-TXT] and check the females the next morning for a vaginal plug [2].
4.1.1. WIDE: Talent placing rats into cage TEXT: Optional: Mate females w/ fertile Brown Norway males
4.1.2. Talent checking for plug
4.2. After confirming a lack of response to pedal reflex in the anesthetized females with a viable plug [1-TXT], apply ointment to the animals’ eyes [2-TXT] and shave the fur from the back of each animal [3].
4.2.1. ECU: Toe being pinched TEXT: Anesthesia: ketamine 50 mg/kg + medetomidine 0.5 mg/kg i.p.
4.2.2. ECU: Ointment being applied TEXT: Analgesia/antibiotics: tolefenamic acid 2 mg/kg, butorphanol tartrate 1 mg/kg, and enrofloksacin 5-10 mg/kg s.c.
4.2.3. Fur being shaved
4.3. Use sterile non-adhering pads to scrub the exposed skin with 70% alcohol and surgical scrub [1] and place the first rat in the prone position on a clean surface on a heating pad under a surgical microscope [2].
4.3.1. Skin being scrubbed, with scrub and ethanol containers visible in frame
4.3.2. Talent placing rat under microscope Videographer: More Talent than rat in shot
4.4. Cover the rat with a sterile drape with a small hole cut over the lower back [1] and make an approximately 2-centimeter skin incision parallel to the lumbar vertebral column [2-TXT].
4.4.1. Talent placing drape
4.4.2. SCOPE: Incision being made TEXT: Local anesthetic: bupivacaine 0.25% s.c.
4.5. Use sharp scissors to make a cut in the abdominal wall [1] and use forceps to grasp an ovarian fat pad [2].
4.5.1. SCOPE: Abdominal incision being made
4.5.2. SCOPE: Fat pad being grasped
4.6. Pull the ovary and oviduct out of the abdominal cavity onto a piece of 0.9% sodium chloride-soaked gauze [1] and load M2 medium, three bubbles of air, and the embryos into a transfer capillary [2-TXT].
4.6.1. SCOPE: Ovary and oviduct being removed/placed onto gauze
4.6.2. ECU: Medium, bubbles, and embryos being loaded into capillary TEXT: Inject ≤15-16 embryos into pregnant female, ≤30 embryos into pseudopregnant female
4.7. Use microscissors to make a small incision into the oviduct between the infundibulum and ampulla [1] and insert the tip of the transfer pipette into the incision [2].
4.7.1. SCOPE: Incision being made Videographer: Important step
4.7.2. SCOPE: Tip being inserted Videographer: Important step
4.8. Gently expel the embryos and air bubbles into the oviduct [1] and use blunt forceps to place the reproductive tract back into the abdominal cavity [2].
4.8.1. Embryos and bubbles being expelled into oviduct Videographer: Important/difficult step
4.8.2. Oviduct being returned to abdomen Videographer: Important/difficult step
4.9. Then suture the abdominal wall and skin with polyglycolic acid absorbable sutures [1-TXT] and place the animal in a clean cage on a warming plate with monitoring until full recumbency [2-TXT]. 
4.9.1. Suture(s) being placed TEXT: Repeat for 2nd oviduct as appropriate
4.9.2. Talent placing rat into cage TEXT: Post-surgical analgesia: atipamezole 0.5 mg/kg i.p. Videographer: More Talent than rat in shot
5. Vasectomy
5.1. To vasectomize potential mates, after preparing the male rat for surgery as demonstrated [1], use 70% ethanol and surgical scrub to disinfect the skin over the testes [2] and cover the rat with a sterile drape with a small hole over the surgical site [3].
5.1.1. WIDE: Talent placing rate in supine position on heating pad Videographer: More Talent than rat in shot
5.1.2. Skin being wiped
5.1.3. Talent placing drape
5.2. Gently press the abdomen to expose the testes in the scrotal sac [1] and use scrotal scissors to make a 0.5-centimeter incision in the middle of the sac [2].
5.2.1. Abdomen being pressed
5.2.2. Incision being made
5.3.  [1] [2].
5.3.1. ECU: Shot of midline wall Videographer: Important step
5.3.2. Incision being made Videographer: Important step
5.4. Carefully push the testis to the left [1] and locate the vas deferens between the testis and midline as a white duct with a single blood vessel [2].
5.4.1. Testis being moved Videographer: Important step NOTE: 5.4.1, 5.4.2, 5.5.1, and 5.5.2 were combined. 
5.4.2. ECU: Shot of vas deferens Videographer: Important step
5.5. Use watchmaker’s forceps to gently pull the vas deferens out of the scrotal sac [1] and, holding the vessel with forceps, use fine scissors to remove a 1-centimeter fragment from the duct [2-TXT].
5.5.1. Vas deferens being pulled Videographer: Important step
5.5.2. Fragment being removed Videographer: Important step TEXT: Alternative: Cauterize w/ red-hot forceps tips
5.6. Repeat the procedure for the second testis as just demonstrated [1] and close the skin with polyglycolic acid absorbable sutures [2].
5.6.1. Second vas deferens being located/pulled out of sac
5.6.2. Suture(s) being placed
5.7. Then place the rat into a clean cage on a warming plate with monitoring until full recumbency [1-TXT].
5.7.1. Talent placing rat into cage Videographer: More Talent than rat in shot TEXT: Post-surgical analgesia: atipamezole 0.5 mg/kg i.p.




Section – Results
6. Results: Representative Embryo Survival Rates and Implantation Efficiency 

6.1. In this representative experiment in which single embryos were injected multiple times, eight rats were born from embryos that were injected two times [1], three of which were confirmed to carry the transgene [2].
 
6.1.1. LAB MEDIA: Table 1: JoVE Video Editor: please emphasize 8 cell in number of pups column
6.1.2. LAB MEDIA: Table 1: JoVE Video Editor: please emphasize 3 cell in number of transgenic founders column

6.2. [bookmark: _Hlk19714352]One of the founders did not transfer the transgene to offspring [1] and three foster females were used for each experimental setup [2].

6.2.1. LAB MEDIA: Table 1: JoVE Video Editor: please emphasize top 0 cell in number of transgenic founders column
6.2.2. LAB MEDIA: Table 1: JoVE Video Editor: please emphasize number of foster mothers column

6.3. The chosen approach allowed the generation of stable transgenic rat lines that expressed the TDP-43-eGFP (T-D-P-forty-three-E-G-F-P) fusion protein [1-TXT] under the control of the neuronal Synapsin-1 promoter throughout the entire central nervous system [2].

6.3.1. LAB MEDIA: Figures 2A and 2B TEXT: TDP-43-eGFP: TAR DNA-binding protein 43-enhanced green fluorescent protein
6.3.2. LAB MEDIA: Figures 2A and 2B: JoVE Video Editor please emphasize green signal in both images

6.4. Lentivirus-based transgenesis resulted in a single copy insertion of the transgene as demonstrated by quantitative PCR [1].

6.4.1. LAB MEDIA: Figure 2C: JoVE Video Editor please emphasize green TG data bar

6.5. When this method was used for other lentiviral vectors, an approximately 90% survival rate was observed [1].

6.5.1. LAB MEDIA: Table 2: JoVE Video Editor: please emphasize 89%, 92%, and 93% Survival rate cells

6.6. The percentage of embryos that survived the pronuclear injections was significantly lower [1].

6.6.1. LAB MEDIA: Table 2: JoVE Video Editor: please emphasize 39%, 29%, 45% Survival rate cells

6.7. Overall, these results suggest that pregnant female rats can be used as foster mothers with a comparable efficiency [1].

6.7.1. LAB MEDIA: Table 2: JoVE Video Editor: please Number of foster mothers and Number of pups

6.8. Notably, the numerical data that were analyzed for individual rounds of microinjection indicated that the effectiveness of implantation [1] depended directly on the number of injections into one embryo and indirectly on the viral load [2].

6.8.1. LAB MEDIA: Table 1: JoVE Video Editor: please emphasize Implantation efficiency for each variant





Section - Conclusion
7. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
7.1. Paulina Koza: The use of lentiviral vectors guarantees the genomic integration and transmission of the transgene, facilitating a high survival rate of the micromanipulated embryos, even when multiple subzonal injections are performed [1].
7.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
7.2. Paulina Koza: This pronuclear injection procedure may be effectively applied to other species and can be considered an alternative for conventional transgenesis [1].
7.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
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