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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)___Yes______  (If you can record images/videos using your own camera/software, then mark No)   If yes, please list make and model of your microscope: ______ Zeiss Stemi 2000 stereo dissecting microscope 
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___No_____ 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.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps by their protocol numbers. Please do not list entire sections of the protocol. If your protocol contains highlighting, make sure these steps are highlighted. _Steps 2.1. cut the tip of the needle with one forcep, 2.2. cut a round window in egg, 2.3., 2.4., 2.6., and 3.1.
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 to be filmed by their protocol numbers. (Please do not list an entire section.) _ ____Steps 2.4. and 2.6.____Success comes from expertise and practice in working with chicken  embryos and in ovo electroporations, and knowledge of the inner ear_____________
E.  Will the filming need to take place in multiple locations? (Y/N) ___Yes____ If yes, how far apart are the locations? __Interviews in conference room down the hall and the method procedures within the laboratory_________________________________________________
1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance.  Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 
A. Experimental Goal (read by voice talent at JoVE):
The overall goal of this method is to perform genetic manipulations in the developing chicken auditory organ from embryonic day 4 onward. This is significant because of the difficulty of working with the advanced developmental stage of the chicken embryo. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Angelika Doetzlhofer: This method can help answer key questions of auditory sensory development, including how the spatial and temporal pattern of sensory progenitor cell proliferation and hair cell differentiation are coordinated. 
1.2. Lale Evsen: The main advantage of this technique is that it specifically targets the developing auditory organ in ovo with relative ease compared to other techniques, which require complex in utero surgeries.   

Protocol (read by voice talent at JoVE):

2. Chicken in ovo micro-electroporation 
2.1. To begin this procedure, attach the glass capillary needle using the tubing connected to the glass syringe, which is placed onto the Right-hand micro-manipulator, and place the electrodes ontothe Left-hand micro-manipulator [2.1.1-MED-over the shoulder]. Under the microscope [2.1.2-MED], cut the needle tip using a pair of forceps [2.1.3-SCOPE].  Next, place 2.5 μl of plasmid DNA tinted with 0.1 % Fast Green into a dish.  Fill the needle with the plasmid DNA using the plunger of the syringe attached to the right-hand micromanipulator [2.1.4-SCOPE].
2.1.1. *Film as written
2.1.2. Talent looks through the eyepieces of the microscope
2.1.3. A SCOPE movie to show the needle tip being cut
2.1.4. A SCOPE movie to show the filling of the needle with plasmid DNA
2.2. Place an egg on its side in a holding device [2.2.1-MED-over the shoulder].  Then, cut a round window on top of the egg using scissors [2.2.2-CU].  
2.2.1. *Film as written

2.2.2. *Film as written

2.3. After that, place the egg and the holding device under the microscope [2.3.1-MED].  Carefully open the two membranes overlaying the embryo using a pair of forceps to expose the right otic vesicle [2.3.2-SCOPE]
2.3.1. *Film as written

2.3.2. A SCOPE movie to show the procedure described above

2.4. While stabilizing the head of the embryo with forceps using the left hand, deliver approximately 0.5 μl of plasmid DNA with the Right-hand micro-manipulator [2.4.1-SCOPE].  Be careful not to inject past the otic vesicle lumen, because this will damage the otic vesicle  [2.4.2-SCOPE]
2.4.1. A SCOPE movie to show the delivery of plasmid DNA
2.4.2. A SCOPE movie to show the otic vesicle lumen
2.5. Lale Evsen: Microinjecting DNA into the otic vesicle lumen without damaging the otic vesicle is critical and requires the use of both hands [2.5.1-MED].

2.5.1. Interview style

2.6. Immediately after microinjection, use the Left-hand micro-manipulator to place the 2 mm platinum positive and negative electrode set anterior-ventral to the right otic vesicle [2.6.1-SCOPE-TXT] and deliver 4 pulses at 12 volts by operating the electroporator [2.6.2-CU-TXT]. 

2.6.1. A SCOPE movie to show the procedure described above.  Text: Left otic vesicle serves as an internal untreated control
2.6.2. CU the electroporator to show the resulting pulses that are displayed.  Text: 4 pulses, 12 V, 100 ms/ pulse, 200 ms spacing
2.7. Lale Evsen: The precise placement of the electrodes on the anterior-ventral auditory organ area is important to ensure that the developing auditory organ is targeted [2.7.1-MED].
2.7.1. Interview style

3. In ovo cell proliferation assay 

3.1. Immediately after electroporation [3.1.1-MED], add 50 µl of EdU onto the whole embryo in ovo [3.1.2-SCOPE-TXT].  Next, seal the egg with tape [3.1.3-CU]. Return all the manipulated and sealed eggs to the incubator for 18 to 96 hours [3.1.4-MED].
3.1.1. Talent looks through the eyepieces of the microscope

3.1.2. A SCOPE movie to show the procedure described above. Text: EdU: 5-ethynyl-2´-deoxyuridine; 0.25 mg/ml EdU in 1x PBS
3.1.3. *Film as written

3.1.4. Talent places all the manipulated and sealed eggs to the incubator
3.2. After 18-24 hours, carefully remove the tape [3.2.1-MED-over the shoulder].  Check the embryos for fluorescent GFP or RFP signal within the otic vesicle using a standard fluorescent microscope [3.2.2-MED].
3.2.1. *Film as written

3.2.2. Talent places the embryos under a fluorescent microscope
3.3. If fluorescent signal is present [3.3.1-LM], harvest the embryos for analyses or reseal them with tape and return them to the incubator for harvesting and analyses at later stages [3.3.2-MED]. 
3.3.1. LAB_MEDIA:  53864_Subfigure1E'.tif 
3.3.2. Talent removes the embryos from the microscope
4. Results: Analyses of in Ovo electroporation and cell proliferation assay
4.1. RNA in situ hybridization was used to determine whether electroporation successfully targeted the auditory portion of the developing inner ear [4.1.1-LM].  Within the developing BP, sensory progenitors were identified by their expression of Sox2 [4.1.2-LM-TXT] and Lunatic  fringe (Loo-nah-tic fringe, The a in -nah- is a hard a) [4.1.3-LM]. 
4.1.1. Figure1K.tif, Figure1N.tif, Figure1J.tif: Show images of 1K, 1N, 1J (without labeling}

4.1.2. Figure1K.tif, Figure1N.tif, Figure1J.tif: Add text “Sox2” in image 1K, 1N. Text: BP: Basilar Papilla
4.1.3. Figure1K.tif, Figure1N.tif, Figure1J.tif: Add text “Lfng” in image 1J.

4.2. These images demonstrate that sensory progenitors throughout the developing BP at the base [4.2.1-LM] and apex were successfully targeted and expressed GFP after 68 hours of electroporation [4.2.2-LM]. In addition, GFP was expressed outside the sensory domain in non-sensory epithelial cells [4.2.3-LM] and in the auditory ganglion [4.2.4-LM] marked by Neurod1 (pronounced Neuro-dee-1) expression [4.2.5-LM]. 
4.2.1. Figure1I.tif: Add image of 1I (without yellow arrows)
4.2.2. Figure1I.tif, Figure1L.tif: Add image of 1L (without red and yellow arrows)
4.2.3. Figure1I.tif, Figure1L.tif: Add red arrows in image 1L
4.2.4. Figure1I.tif, Figure1L.tif: Add yellow arrows in image 1I, 1L
4.2.5. Figure1I.tif, Figure1L.tif, Figure1M.tif: Add image 1M
4.3. To determine the proliferative behavior of sensory progenitors, EdU, a thymidine analog, was added at the time of electroporation at E4, and 4 days later, EdU incorporation in the developing BP was analyzed in tissue sections [4.3.1-LM].  Immuno-labeling for the hair cell-specific protein MyosinVIIa was used to identify differentiating hair cells in the developing BP [4.3.2-LM].  In the apical portion of the BP, Myo7a+ hair cells were frequently EdU+ [4.3.3-LM], whereas in the base, only few Myo7a+ hair cells had incorporated EdU, suggesting that at the time of EdU addition at E4, sensory progenitors in the base are already largely post mitotic [4.3.4-LM].
4.3.1. Figure1P.tif, Figure1P’.tif, Figure1P”.tif, Figure1O.tif, Figure1O’.tif, Figure1O”.tif: Show all the images (without labeling of “Myo7a” and without white brackets)
4.3.2. Figure1P.tif, Figure1P’.tif, Figure1P”.tif, Figure1O.tif, Figure1O’.tif, Figure1O”.tif: Add text “Myo7a”in image 1P and image 1O. 
4.3.3. Figure1P.tif, Figure1P’.tif, Figure1P”.tif, Figure1O.tif, Figure1O’.tif, Figure1O”.tif: Add white brackets in 1P’ and white arrows in 1P”
4.3.4. Figure1P.tif, Figure1P’.tif, Figure1P”.tif, Figure1O.tif, Figure1O’.tif, Figure1O”.tif: Add white brackets in 1O’ and white arrows in 1O”
5. Conclusion (said by authors on camera)

5.1. Lale Evsen: Once mastered, this technique can be done in 5-8 minutes per egg.

5.2. Lale Evsen: While attempting this procedure, it’s important to use freshly prepared, sterile reagents to ensure the survival of embryos.

5.3. Lale Evsen: Following this procedure, the method parameters can be modified to study other phenomena in the developing inner ear, such as the development of vestibular organs and inner ear neurogenesis. 

5.4. Lale Evsen: This technique paves the way for researchers in the inner ear field to specifically study the relatively late developing chicken auditory organ from embryonic day 4 onward. 

5.5. Lale Evsen: After watching this video, you should have a good understanding of how to appropriately handle the chicken embryo, conduct the micro-injection and electroporation, and conduct the in ovo cell proliferation assay. 

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.  

For Results sections 4.4. and 4.5. The Subfigures 1I, 1J, 1K, 1L, 1M, 1N, 1O, 1O’, 1O”, 1P, 1P’, 1P” in .tif format are uploaded to the JoVE website.
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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