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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)_____N____  (If you can record images/videos using your own camera/software, then mark No)   If yes, please list make and model of your microscope: _____________________________________________

B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)____N____ 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 individual steps using the step numbers listed in this document. (Please do not list entire sections.) __3.1, 3.2, 3.3, 4.4, 4.5 ________________________________________

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.) _3.2, 4.3__________________________

E.  Will the filming need to take place in multiple locations? (Y/N) __N_____ If yes, how far apart are the locations? ___________________________________________________

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 procedure is to simultaneously measure the electroretinogram and visual evoked potential in a rat. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Zheng He: This method can help answer key questions in the visual neuroscience field, such as whether the effect of aging or disease modifies specific components of the visual pathway. 
1.2. Zheng He: The main advantage of this technique is that it enables comprehensive assessment of retinal function and its upstream effects on visually evoked cortical function.   

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 the University of Melbourne, Science Faculty, Animal Ethics Committee (approval number 0911322.1).
Protocol (read by voice talent at JoVE):

2. ERG and VEP recording 

2.1. To begin this procedure, pre-fashion the custom-made ERG inactive electrodes by cutting a 70 mm length of silver wire and forming a loop of 8 mm in diameter to encircle the rat eye [1-MED-over the shoulder-TXT].  Prepare a uniform circle and adjust the size of the loop by shaping it on a 1 mL pipette tip [2-MED-over the shoulder]. This is important because a ring that is too small may inadvertently raise intraocular pressure, whereas an oversize ring can increase the variability of signals [3-CU].
2.1.1. Talent cuts a 70 mm length of silver wire and forms a loop. Text: ERG: electroretinogram
2.1.2. Talent placing the loop on a 1 mL pipette tip
2.1.3. [combined with 2.1.2] CU the loop as it is adjusted on a 1 mL pipette tip

2.2. Next, pre-fashion the custom-made VEP inactive electrode by cutting a 70 mm length of silver [1-MED-over the shoulder-TXT] and forming an ellipse of 8 mm in diameter to hook onto the rat incisors [2-CU].  
2.2.1. *Film as written. Text: VEP: visual evoked potential
2.2.2. CU the ellipse as it is hooked onto the rat incisors 
2.3. Then, pre-fashion the custom-made ERG active electrodes by cutting a 30 mm length of silver wire [1-MED-over the shoulder] and form a small loop of about 1-2 mm in diameter, which is used to gently contact the rat cornea with minimal corneal abrasions [2-CU].
2.3.1. *Film as written
2.3.2. CU the small loop as it gently contacts the rat cornea
2.4. Afterward, securely attach the electrodes to the electrode leads by entwining the silver with the exposed inner wire [1-MED-over the shoulder-TXT].  Insulate excess exposed metal with masking tape to reduce photovoltaic artifacts [2-MED-over the shoulder]. For the ERG active electrodes, more layers of masking tape can be applied to achieve a thicker and more rigid wrapping, so that the electrode is easier to be held with the micromanipulator [3-CU].
2.4.1. *Film as written. Text: 2 ERG active, 2 ERG inactive, 1 VEP inactive electrodes
2.4.2. *Film as written
2.4.3. CU an electrode as  more layers of masking tape are applied
2.4.4. [added] All electrodes complete. Text: 2 ERG active, 2 ERG inactive, 1 VEP inactive electrodes 
2.5. On each ERG inactive electrode, stick a small piece of hook-and-loop fastener to the masking tape to enable stable attachment to the rodent neck strap [1-CU].  Then, for each VEP active electrode, attach an alligator clip to the inner wire of the electrode lead [2-CU].
2.5.1. CU the ERG electrode as a small piece of hook-and-loop fastener is stuck to the masking tape to enable stable attachment to the rodent neck strap
2.5.2. CU the VEP electrode as an alligator clip is attached to the inner wire of the electrode lead
2.6. Immediately before recordings, electroplate the exposed surfaces of the silver wires with chloride to improve signal conduction. To do so, connect the cathode to the negative terminal of the battery, and immerse the other end into the saline [1-MED-over the shoulder] [2-CU-TXT]. 
2.6.1. Talent immersing the silver wire into saline. 
2.6.2. [added] CU immerse the silver tip of the anode wire into normal saline and connect the other end of this electrode wire to the positive terminal of a 9V battery 

2.6.2 CU the electrode with one end immersed in the saline and the other end being connected to the positive terminal of a 9V battery. Text: 9V DC source for 20 seconds.
2.7. Subsequently, immerse the silver tip of the anode wire into normal saline and connect the other end of this electrode wire to the positive terminal of a 9V battery [2-CU-TXT] [1-MED-over the shoulder].  Disconnect them after 20 seconds and the sliver tip of the electrode wire should be coated evenly in white [2-CU]. Repeat the chloriding procedure for all the silver ERG and VEP electrodes [3-CU].
2.7.1. [added] Talent immersing the silver wire into saline. CU the electrode with one end immersed in the saline and the other end being connected to the positive terminal of a 9V battery. Text: 9V DC source for 20 seconds.

2.7.2. *Film as written
2.7.2 CU the electrode wire to show white color coating
2.7.3. CU all the electrodes with white coatings on the tips 
3. Pre-implantation of chronic VEP electrodes
3.1. In this procedure, disinfect the shaved area of an anesthetized animal with 10% povidone-iodine three times [1-MED-over the shoulder].  Make a sagittal incision along the midline on the head with a scalpel [2-CU] and excise a 20 mm diameter circle of dermal tissue to expose the cranial bone [3-CU].  Next, remove the underlying periosteum by scraping and drying with gauze to expose the coronal and sagittal cranial sutures [4-CU].
3.1.1. *Film as written
3.1.2. CU the head as a sagittal incision is made along the midline on the head
3.1.3. CU the head as a 20 mm diameter circle of dermal tissue is excised to expose the cranial bone
3.1.4. CU the head as the underlying periosteum is removed to expose the coronal and sagittal cranial sutures
3.2. Drill two holes through the skull on both hemispheres [1-MED-over the shoulder-TXT].  Screw in stainless steel screws into the two pre-made holes up to a depth of 1 mm to allow firm anchorage [2-CU].
3.2.1. *Film as written. Text: Coordinates: 7 mm caudal to bregma, 3 mm lateral to midline
3.2.2. CU the skull as the stainless steel screws are screwed into the two pre-made holes
3.3. Then, prepare the surgical area for dental amalgam by drying the cranial bone with gauze [1-CU], and retracting the skin with two sutures [2-CU].  Subsequently, spread the dental amalgam over the exposed skull to secure the screw electrodes in place and ensure about 1.5 mm of the screws are exposed for recording [3-CU].  After that, remove the retraction sutures [4-MED-over the shoulder].
3.3.1. CU the skull as the cranial bone is dried with gauze 
3.3.2. CU the skull as the skin is retracted with two sutures
3.3.3. CU the skull as dental amalgam is spread over the exposed skull to secure the screw electrodes in place
3.3.4. *Film as written
4. ERG and VEP electrode positioning 

4.1. For scotopic recordings, all the procedures are performed in a dark room. For illustration purposes, electrode positioning is conducted under normal room lighting here. [1-MED].  The animal was dark adapted for 12 hours and anesthetized with ketamine and xylazine [2-CU]. 
4.1.1. Talent turns off the light of the room
4.1.2. CU an anesthetized rat
4.2. After pupil dilatation and topical anesthesia, hook the inactive VEP electrode around the bottom incisors [3-CU]. Then, place the animal on the ERG platform in front of the Ganzfeld bowl situated in the Faraday cage [1-MED].  Secure the animal to the platform with a strip of hook-and-loop fastener placed firmly but not tightly around the nape [2-CU].  [3-CU]. 
4.2.3 [moved] CU the head of the animal as the inactive VEP electrode is hooked around the bottom incisors

4.2.1. Talent places the animal on the ERG platform in front of the Ganzfeld bowl situated in the Faraday cage
4.2.2. [combined with 4.2.1] *Film as written
4.3. Next, position the ERG inactive electrodes by encircling the scleral ring non-invasively around the eye’s equator approximately 3mm behind the limbus [1-CU]. Stabilize this by attaching the electrodes to the hook-and-loop fastener strip around the nape [2-CU]. Repeat the procedure for the contralateral eye [3-CU].
4.3.1. *Film as written
4.3.2. [combined with 4.3.1] *Film as written
4.3.3. CU the head of the animal as both eyes are fixed
4.4. Now, fasten the VEP active electrodes by attaching alligator clips to the stainless-steel screws pre-implanted on the skull [1-CU].  Prior to the ERG active electrode placement, place a small drop of 1% carboxymethyl cellulose sodium on the electrode to improve signal quality [2-CU].
4.4.1. CU the head as the alligator clips are attached to the stainless-steel screws pre-implanted on the skull
4.4.2. CU the head as a drop of carboxymethyl cellulose sodium is applied on the cornea electrode
4.5. Position the ERG active electrodes to lightly touch the central corneal surface using a micromanipulator attached to the custom-built stereotaxic arm [1-MED-over the shoulder]. Ensure the carboxymethyl cellulose sodium only contacts the cornea and not the sclera by wiping excess fluid away [2-CU].

4.5.1. Talent uses the micromanipulator to position the electrodes
4.5.2. CU the eyes as excess fluid is wiped away with a pointed tissue
4.6. Then, insert 2-5 mm of the stainless steel ground needle electrode subcutaneously into the tail [1-CU].  Slide the platform closer to the Ganzfeld bowl, and ensure the animal’s eyes align with the opening of the bowl to enable even illumination of both retinas [2-MED-over the shoulder].  Subsequently, close the Faraday cage to reduce extraneous noise [3-MED].
4.6.1. CU the animal as the electrode is inserted into its tail
4.6.2. *Film as written
4.6.3. *Film as written
5. Results: ERG and VEP analysis  
5.1. Using the above protocol, a stack of ERG waveforms can be recorded in response to a range of stimuli, with the dimmest flash shown at the bottom [1-LM] and the brightest at the top [2-LM].  At very dim light levels, scotopic threshold responses can be recorded [3-LM]. With increasing stimulus brightness, the waveforms become dominated by the b-wave [4-LM], and then the negative going a-wave emerge at the brightest stimuli [5-LM].

5.1.1. Fig 1.PDF; Schematic 2 representative results.pptx (slide 1): Show lower panel without texts “pSTR”, “nSTR”
5.1.2. Fig 1.PDF; Schematic 2 representative results.pptx (slide 1): Add upper panel without texts “b-wave”, “a-wave”
5.1.3. Fig 1.PDF; Schematic 2 representative results.pptx (slide 1): Add texts “pSTR”, “nSTR” in lower panel 
5.1.4. Fig 1.PDF; Schematic 2 representative results.pptx (slide 1): Add text “b-wave” in upper panel
5.1.5. Fig 1.PDF; Schematic 2 representative results.pptx (slide 1): Add text “a-wave” in upper panel
5.2. The rod photoreceptor function can be assayed by using a PIII to model the a-wave [1-LM-TXT].  
5.2.1. Schematic 2 representative results.pptx (slide 2): Use animation suggested in the powerpoint. Text: Amplitude (RmPIII), sensitivity (S), time delay (td)
5.3. This figure shows that PII amplitude grows with increasing stimulus energy [1-LM].  Rod bipolar cell function can be assayed by modelling the intensity response series of the rod PII with a Naka-Rushton function [2-LM-TXT].
5.3.1. Schematic 2 representative results.pptx (slide 3): Use animation suggested in the powerpoint –  first show the curve
5.3.2. Schematic 2 representative results.pptx (slide 3): Use animation suggested in the powerpoint – show the rest. Text: Amplitude (Vmax), inverse sensitivity (k), slope (n)
5.4. Retinal ganglion cell function is assayed at dim luminous energies and quantified by the pSTR peak amplitude and timing [1-LM-TXT]. 
5.4.1. Schematic 2 representative results.pptx (slide 4): Use animation suggested in the powerpoint. Text: pSTR peak amplitude (Text: pSTRamp),timing (Text: pSTRit)
5.5. Cone bipolar cell function is elicited with a paired-flash paradigm and quantified by cone PII peak amplitude and timing [1-LM-TXT].
5.5.1. Schematic 2 representative results.pptx (slide 5): Use animation suggested in the powerpoint. Text: cone PII peak amplitude (Text: cone PIIamp), timing (cone PIIit)
5.6. Amplitude analysis of the VEP is taken as peak to trough and trough to peak amplitudes, which gives the timing of these responses [1-LM]. The amplitude of the VEP waveforms increases with increasing stimulus energy [2-LM].
5.6.1. Schematic 2 representative results.pptx (slide 6): Use animation suggested in the powerpoint.
5.6.2. Schematic 2 representative results.pptx (slide 7): Use animation suggested in the powerpoint.
6. Conclusion (said by authors on camera)

6.1. Zheng He: Once mastered, this technique can be done in 30 to 45 minutes if it is performed properly, excluding the preparation time of implanting and preparing electrodes and overnight dark adaptation.

6.2. Zheng He: While attempting this procedure, it’s important to remember to pay particular attention to how accurately you place the electrodes and to allow sufficient time for dark adaptation.

6.3. Zheng He: Following this procedure, other procedures like disease modification and their treatments can be performed to answer specific questions.

6.4. Zheng He: After watching this video, you should have a good understanding of how to prepare and place electrodes as well as record and analyze ERG and VEP waveforms.

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.
2. Overview 
Schematic 1 overview.ppt
6.    Results: ERG and VEP analysis   
Schematic 2 representative results.ppt
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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