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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) Y 

Can you record movies/images using your own microscope camera? (Y/N) N  

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: Nikon C-PS
B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N) N 

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.) ___________________2.2, 2.10, 2.11 and 2.12________________________
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.) _________2.11_________
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) Y If yes, how far apart are the locations? A few-minute walk in the same building
1. Introduction (Experimental Goal and Author Interviews) 
A. Experimental Goal: (read by voice talent at JoVE)
The overall goal of this electroporation-based in vivo gene transfer approach is to evaluate the roles of genes of interest in differentiation of cerebellar granule cells using CRISPR-mediated loss of function analyses (Intro). 
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Daisuke Kawauchi: This method can help answer key questions in the brain research field, such as developmental neurobiology and neuro-oncology. 
1.2. Daisuke Kawauchi: The main advantage of this technique is to enable us to feasibly knockout genes in cerebellar cells via CRISPR-mediated somatic gene mutations instead of generation of conventional knockout animals.
C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Weijun Feng: Although this method can provide insight into gene function during normal cerebellar development, it can also be applied to other systems, such as the development of other feasible brain regions and brain tumor modeling.
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.4. ** Daisuke Kawauchi: The procedure of in utero electroporation will be demonstrated by Dr. Lena Herbst, a postdoc, from Prof. Peter Lichter's laboratory and the following immunostaining will be shown by Dr. Weijun Feng, a postdoc from Dr. Haikun Liu’s laboratory. 

1.4.1. Interview style: Author saying the above 

1.4.2. The named technician, post doc, student 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. Animal experiments were conducted according to animal welfare regulations and have been approved by the responsible authorities (Regierungspräsidium Karlsruhe, approval numbers: G90/13, G176/13, G32/14, G48/14, and G133/14). 
Protocol: (read by voice talent at JoVE)
A ‘schematic’ section consisting of figure 1 will be added here. Jo (Editor: I’m not sure what’s actually being added here, since neither the scriptwriter nor the authors provided any clarity)
2. In Utero Electroporation
2.1. Begin by loading a borosilicate glass capillary into a micropipette puller and pulling to create a fine tip [1-MED-TXT]. Label the capillary tip with black ink for better visualization during the injection and draw a scaling on the glass  [2-CU-TXT].
2.1.1. Talent at the pipette puller. Talent loads the capillary into the puller and starts the machine which pulls the capillary into a fine point. TEXT: Pressure = 500, Heat = 515, Pull = 30, Velocity = 40, Time = 1
2.1.2. The capillary tip is colored black with a marker and a scaling is added with the help of a ruler. TEXT: Scaling: 2.5 mm = 1 µL
2.2. Working under a stereomicroscope [1-MED-over the shoulder], use a ruler and sharp needle tweezers to trim the tip to a length of about 6-millimeters and create a sharp, one-sided beveled edge [2-SCOPE]. 
2.2.1. Talent sits at the stereomicroscope and places the pulled pipette on the stage underneath. 
2.2.2. The pulled pipette is next to a ruler and then sharp needle tweezers enter the shot and clip the pipette tip as described. 
2.3. Filter a 1% fast green stock solution [1-MED] through a 0.22-micron filter to remove dye particles from the solution [2-CU]. 
2.3.1. Talent pipettes distilled water into a tube/vial of fast green aspirates 1% fast green stock solution with a syringe 
2.3.2. The solution is ejected from a syringe filter or added to a passive filter and drips into a tube. 
2.4. Mix the single-guide RNA plasmids in equal parts with the luciferase reporter plasmid to a final concentration of at least 1 microgram per milliliter for each plasmid [1-MED]. Color the plasmid-solution with fast green at a final concentration of 0.05% [2-CU]. 
2.4.1. Talent pipettes from a labeled tube of Cre-sgRNA and then adds it to a tube and then repeats the action with a labeled tube of pT2K-IRES-Luc (shot can be edited for length). TEXT: pT2K-IRES-Luc 
2.4.2. A small volume of fast green is added to the plasmid solution and the green color is seen. 
2.5. After anesthetizing a pregnant CD-1 mouse with isoflurane, place the mouse on its back on a heating pad and administer analgesic [1-MED]. Apply eye ointment to prevent eye-dryness during surgery [2-CU].
2.5.1. Talent removes the mouse from the induction chamber and places it on the heat pad with a nose cone. Talent then performs an injection of analgesic (detail not required). 
2.5.2. Ophthalmic ointment is added to both eyes of the mouse. 

2.6. Fix the limbs with tape [1-MED-over the shoulder] and sterilize the abdomen with a disinfectant [2-CU]. Cover the mouse with gauze, leaving only the surgical area exposed [3-MED]. [4-CU].
2.6.1. Talent tapes down all 4 limbs of the mouse (shot to be edited for length). 
2.6.2. Disinfectant is applied to the abdomen and then the Abdomen is swabbed with a disinfectant. 

2.6.3. *film as written. 

2.6.4. *film as written. (Author Comment: Applying ethanol was not filmed.)
2.7. After making a skin incision of about 2-centimeters in length, locate the linea alba [1-CU] and use blunt-tip tissue scissors to make a slightly smaller second incision through the peritoneum [2-MED]. Moisten the opened abdominal cavity with pre-warmed sterile PBS [3-CU]. 
2.7.1. The incision is already made. Straight surgical scissors are used to widen the incision and the linea alba is revealed. 
2.7.2. *film as written. 

2.7.3. Pre-warmed sterile PBS is squirted into the abdominal cavity. 
2.8. Next, use ring forceps to carefully extract the uterine horns from the abdominal cavity [1-MED-over the shoulder]. Grasp the uterine wall at the gap between the yolk sacs of two neighboring embryos and pull gently. Avoid any pressure on the embryo while pulling it through the incision [2-ECU]. 
2.8.1. Talent picks up ring forceps and grasps a uterine horn. 
2.8.2. The uterine wall is grasped as described and the embryos are pulled from the abdomen one-by-one like a string of beads with the forceps moving to grasp another region of the uterus if necessary. 
2.9. Once the uterine horns have been extracted [1-CU], aspirate approximately 10 to 15-microliters of colored plasmid-solution with the prepared glass capillary. Avoid any air-bubbles during this process [2-CU].
2.9.1. Shot of the surgical area with both uterine horns exposed. 

2.9.2. The tip of the pulled glass capillary enters the tube of plasmid with fast green and 10-15 ul are drawn up into the pipette. 
2.10. Gently hold the embryo with ring forceps and locate the neck area [1-CU]. Slowly penetrate the dorsal hindbrain with the tip of the glass capillary and move into the fourth ventricle [2-SCOPE].
2.10.1. An embryo is held with forceps and the neck area is turned to camera. [Shots 2.10.1 to 2.13.2 combined] (Author Comment: Use Animal 2 Embryo 2)
2.10.2. *film as written. 
2.11. Inject about 1-microliter of the plasmid-mix [1-MED]. Confirm that the dyed DNA has not leaked from the brain and is visible as a diamond shaped structure [2-SCOPE].
2.11.1. Talent operates the microinjector. The dye is filling the 4th ventricle. 

2.11.2. The dye is visible in the brain of the injected embryo as described. 

2.12. Lena Herbst: Here, it is most important to fill the entire region of the fourth ventricle with plasmid solution to deliver DNA also to the distal part of the cerebella primordium. At the same time make sure not to cause any bleeding during that process [1-INT]. 
2.12.1. Named Talent speaks the above text to camera. 
2.13. Place platinum tweezers equipped with 5-millimeter diameter electrode plates laterally over the head of the embryo with the negative pole covering the ear [1-MED], and the positive pole positioned at the cerebellar primordium over the uterine wall [2-CU] and apply electric square pulses [3-MED-over the shoulder-TXT]. 

2.13.1. Talent picks up the electroporation tweezers and places them over the embryo to be electroporated. 

2.13.2. The electroporation tweezers are slightly repositioned into the optimal position for electroporation. 

2.13.3. Talent manipulates the current delivery system to deliver the pulse. TEXT: 5 pulses, 32 mV, 50 ms-on, 950 ms-off
2.14. When all embryos have been electroporated, carefully place the uterine horns back into the abdominal cavity [1-MED] and fill with sterile PBS. Let the uterine horns slide into a natural position [2-CU].
2.14.1. Talent carefully returns the uterine horns to the abdomen. 

2.14.2. Sterile PBS is squirted into the abdominal cavity and the uterine horns settle into position.  
2.15. After closing the peritoneum and skin separately with a simple continuous suture [1-MED-over the shoulder], turn-off anesthesia and place the animal belly-down into a new cage to recover [2-MED].
2.15.1. Talent finishes the suturing of the peritoneum and then begins the suturing of the skin. 

2.15.2. Talent turns of the anesthesia machine and then removes the mouse from the nose cone and places it into a clean cage as described. 
3. Preparation of Cryosections from Electroporated Cerebella  
3.1. Before cryosectioning, fix the cerebella overnight in 5-milliliters of 4% PFA in PBS per brain at 4 °C [1-MED].
3.1.1. Talent in the cold room adding 5 mL of 4% PFA in PBS from a labeled bottle/tube to 3 or 4 2 tubes containing mouse cerebella. 
3.2. The next day, transfer the fixed cerebella to 10-milliliters of 30% sucrose in PBS per brain [1-CU] and incubate overnight at 4 °C [2-MED-over the shoulder]. 
3.2.1. A cerebellum is dropped into a labeled tube of 30% sucrose. 

3.2.2. Talent (wearing something different to show that a day has passed) places the rack of cerebella in tubes on a shelf in the cold room 4 °C fridge. 
3.3. The following day, after the tissue has sunk to the bottom of the tube [1-CU], remove the brains from the sucrose [2-MED] and soak up the remaining sucrose solution with a piece of cellulose filter paper [3-CU]. 
3.3.1. Show the rack of tubes with each cerebella sunk to the bottom of the tube. 
3.3.2. Talent removes a brain from the sucrose and places it on a piece of cellulose filter paper with other brains. 
3.3.3. A brain is dabbed with a piece of cellulose filter paper. 
3.4. Next, immerse each cerebellum in optimal cutting temperature compound in a disposable plastic mold [1-CU] and freeze on dry ice [2-MED-TXT].
3.4.1. Shot of a plastic mold containing OCT. A cerebellum is slowly lowered into the OCT. 
3.4.2. Talent places the mold into powdered dry ice. TEXT: The cryogenic block can be stored at -80 °C until use.
3.5. Cut the cryogenic block into 10-micron thick sections using a cryostat [1-MED-over the shoulder] and keep the sections at -80 °C until use [2-WIDE]. 
3.5.1. Talent cutting a cerebellar section on the cryostat. 
3.5.2. Talent places a box of slides into the -80 freezer. 
4. Immunostaining the Cerebellar Cryosections
4.1. When ready to proceed to immunostaining, first dry the slides at room temperature for 30 minutes [1-MED-over the shoulder] and then wash twice for 10 minutes each time in PBS [2-CU].
4.1.1. Talent laying out the slides on the bench. 
4.1.2. The slides in a slide holder are immersed in a beaker of PBS. Shot will be reused once. 
4.2. Circle the sections with a liquid blocker pen [1-CU] and incubate the sections in blocking solution for 1 hour at room temperature [2-MED-over the shoulder-TXT]. 
4.2.1. The sections on one slide are circles with liquid blocker pen. 
4.2.2. Talent pipettes from a labeled bottle of blocking solution and dispenses the volume onto a section. TEXT: 10% normal donkey serum in PBS with 0.1% Triton-X100
4.3. Add primary antibodies against the molecules of interest in the blocking solution [1-CU] and incubate overnight at 4 °C [2-MED].
4.3.1. Liquid (primary antibody solution) is pipetted onto a circled section. 
4.3.2. Shot reveals that the addition of primary antibody occurred in the cold room as Talent places the lid on the container with the slides and then leaves the shot. 
4.4. Wash the slides with 0.1% Triton-containing PBS three times for 10 minutes each [1-MED]. 
4.4.1. The slides in a slide holder are immersed in a beaker of PBST. 
4.5. Then add fluorophore-conjugated secondary antibody diluted in blocking solution containing DAPI [1-CU] and incubate the sections for 1 hour at room temperature in the dark [2-MED-over the shoulder]. 
4.5.1. Secondary antibody solution is added to the sections on one slide. 
4.5.2. Talent places the cover (covered with aluminum foil or similar) over the slides. 
4.6. Wash the slides in PBST three times for 10 minutes each time [1-CU]. Then mount the slides [2-CU] and keep at 4 °C until imaging [3-WIDE].
4.6.1. Use 4.1.2 
4.6.2. A cover slip is placed over a slide. 
4.6.3. Talent places the slide box in 4 °C fridge the cold room and then exits the cold room.  
5. Results: Immunostained Cerebella from Rosa26-CAG-LSL-Cas9-P2A-EGFP Mouse
5.1. HEK293T cells stably expressing Streptococcus pyogenes Cas9 were transfected with sgRNA-expressing and targeting plasmids [1-LM]. GFP expression in live cells was monitored using a fluorescent cell imager 48 hours after transfection. This image shows an effective sgRNA sequence based on GFP expression [2-LM]. 
5.1.1. LAB MEDIA: 57311_Kawauchi_Figure2A_2b1_phase. Show image. 
5.1.2. LAB MEDIA: 57311_Kawauchi_Figure2A_2b1_GFP. Show image. 
5.2. This image shows lack of GFP-expression resulting from a non-effective sgRNA sequence [1-LM]. 
5.2.1. LAB MEDIA: 57311_Kawauchi_Figure2A_2b2_GFP. Show image. 
5.3. These images show immunostaining of GFP [1-LM], Ki67 [2-LM], and p27 [3-LM] in cerebella from a P7 Rosa26-LSL-Cas9 knock-in mouse with floxed-STOP cassette and downstream bicistronic Cas9 and EGFP sequences that was subject to electroporation at E13.5 with a cre plasmid expressing control sgRNA. The section is counterstained with DAPI [4-LM]. Note GFP-expressing cells in the outer granule cell layer marked by Ki67 [5-LM]. 
5.3.1. LAB MEDIA: 57311_Kawauchi_Figure2B_top_left
5.3.2. LAB MEDIA: 57311_Kawauchi_Figure2B_top_right
5.3.3. LAB MEDIA: 57311_Kawauchi_Figure2B_bottom_left
5.3.4. LAB MEDIA: 57311_Kawauchi_Figure2B_top_left (again)
5.3.5. LAB MEDIA: 57311_Kawauchi_Figure2B_bottom_right. Video Editor please add arrows pointing to the green cells with grey overlays near the outer edge of the arc. 
6. Conclusion (said by authors on camera)
6.1. Lena Herbst: Once mastered, this surgery can be done in less than 30 minutes per mouse. 
6.2. Lena Herbst: While attempting this procedure, it’s important to remember to handle the embryo very carefully, to always use sharp-tipped capillaries, and to position the electrodes in a precise angle to ensure delivery of the electric pulses to the roof of the fourth ventricle.
6.3. Daisuke Kawauchi: After its development, this technique paved the way for researchers in the field of medical research to explore causal factors of neurological disorders including brain tumors in the mouse cerebellum.

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.

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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