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Authors, please fill out the brief questionnaire below.   
A. Will you require assistance with video microscopy, such as filming a complex dissection or microinjection technique (Y/N, please specify steps by number. Also, please list make and model of your microscope)?  ____N______

B.   Does your protocol include detailed, step-by-step, descriptions of software usage (Y/N, please specify steps by number)? ___N______

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps_2.3-2.6; 2.7-2.9_____

D.  What is the single most difficult aspect of this procedure?  2.4
1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):

Authors, please select from “Procedural Narrative” or “Conceptual Narrative” and complete the statements below. Please do not add additional steps.  Then, attach your finished graphic overview.  See accompanying instructions for details and examples.  
Procedural Narrative:
The overall goal of this procedure is to measure the visual acuity in adult zebrafish using the optokinetic response, or OKR (Intro).
This is accomplished by first building the OKR device that consists of a rotating drum and data capturing apparatus (P1, Editor, use Figure 1A here).
Next, the fish is immobilized within the device and an OKR is elicited (P2, Editor, zoom in on the green barrel in 1A and transition to 1B, further zooming in on the fish in the orange foam).
Then, the binocular and monocular spatial acuity thresholds are determined using different sized gratings or using a modified staircase approach (P3, Editor, use Figure 1C here).
Finally, the visual acuity is calculated for the fish (P4, Editor, use Figure 3 here).

Ultimately results can be obtained that show visual acuity changes within a population of fish as they age or in diseased/treated fish through the optokinetic response (P5, Editor, use Figure 2 here).
Paste a copy of your graphic overview here.  The original file should be adobe illustrator (preferred) or powerpoint (see instructions) and should be uploaded through your online submission on the JoVE website.   
B.  Interview: (Said by you on camera. Don’t forget to smile!)  
Authors: Below are statements we would like you to complete that are complementary to the information contained within the schematic overview.    Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol.    In addition to choosing and filling out the appropriate statement, please enter the name of the individual who will say each line.  **If individuals will be doing the demonstrations but not speaking in the introduction, please use statement 1.8 to introduce these demonstrators (ex PI introducing students).   
1.1) Author name _Joshua Cameron: The main advantage of this technique over existing methods, like _the optomotor response or OMR, is that measuring visual acuity using the OKR is more clinically relevant and reliable.   

Protocol (read by voice talent at JoVE):

Authors:  In order to ensure that your protocol can be filmed in a single day, the protocol text must be limited to 30 steps – each step being defined as 3 lines of 12 pt text in our formatting style below.  This amounts to 3 pages of protocol text.  The scope of the scripted protocol text should include only those aspects of the procedure that require visualization in order to be well understood.     

2. Optokinetic Response and Calculating Visual Acuity
2.1. Optokinetic studies are carried out with a custom-built recording device using a 14.5 cm diameter rotating drum, a stereomicroscope with adjustable light intensity settings, a computer, and a camera for capturing images and recording. (Fig 1a). 

2.1.1. WIDE Shot of entire custom built recording device

2.1.2. MED/CU of rotating drum

2.1.3. MED Microscope with light intensity adjusters visible

2.1.4. MED Computer for setup

2.1.5. MED/CU Camera for imaging
2.2. A computer-operated microcontroller is used to adjust the rotating drum’s speed and spinning directions. 

2.2.1. MED Talent adjusts the speed and then rotating direction of drum

2.3. Using fish that are maintained under standard conditions (TEXT: 28.5°C, 10h dark/14h light cycle), begin an analysis by anesthetizing a fish in 0.016% tricaine for 2-3 minutes and then placing it on a small platform with the eyes and gills suspended over the edge.
2.3.1. MED Fish in tank swimming

2.3.2. MED/CU Talent transfers a fish to tricaine

2.3.3. CU Talent transfers fish to platform with eyes and gills suspended over edge
2.4. To keep the fish immobilized while avoiding injury, place a thin sponge or towel over the body of the fish and pin 2-3 pieces of foam over the fish, ensuring that tail movement is limited.
2.4.1. CU Talent places a thin sponge or towel over body of fish
2.4.2. CU/ECU Talent pins 2-3 pieces of foam over fish to ensure tail movement is limited
2.5. Position the fish within a cylindrical water-filled tank that fits inside the rotating drum of the OKR recording device. Use magnets on the platform to position the fish upright, with the eyes approximately 7.3 cm from the edge of the drum.
2.5.1. CU Talent positions fish within cylindrical water-filled tank
2.5.2. CU Talent places tank inside rotating drum
2.5.3. CU/ECU Talent uses magnets to position fish upright, Editor, point out the distance between the fish eyes and the edge of the drum
2.6. Once the fish revives from anesthesia, and normal breathing and random eye movements are observed, place a base grating of 0.07 cycles per degree, or CPD, into the rotating drum and engage the computer controls to begin rotation and video capture.
2.6.1. ECU Fish breathing normally with random eye movement
2.6.2 (combined with 2.6.1) MED/CU Talent places a base grating into the rotating drum
2.6.3
SCREEN Talent engages computer controls for rotation and video capture
2.7. After an initial OKR is elicited by the base grating, pause the rotation briefly, and replace the grating with a smaller grating with a higher spatial frequency.
2.7.1. LAB MEDIA Suppl Movie adult ZF OKR_xvid.avi
2.7.2. MED/CU Talent uses microcontroller to pause rotation - can see rotation slowing down
2.7.3. MED/CU Talent replaces grating with smaller grating
2.8. Repeat this process with sequentially smaller gratings until an OKR can no longer be elicited.  To verify the loss of OKR, following a modified staircase approach, retest with the smallest grating that caused an OKR and then with the grating that failed to elicit a response, to verify the loss of the OKR. 
2.8.1. MED/CU Smaller grating rotating with fish inside
2.8.2. SCREEN Side-by-side results of a positive and negative result for OKR
2.8.3. SCREEN of result from smallest grating that caused OKR (for verifying loss of OKR)
2.8.4. MED/CU Grating for 2.8.3 rotating - Editor, show side-by-side with 2.8.3 (with VO smallest grating that caused OKR)
2.8.5. SCREEN of result from smallest grating that did not cause OKR
2.8.6. MED/CU Grating for 2.8.5 rotating - Editor, show side-by-side with 2.8.5 (with VO - smallest grating that didn’t cause OKR)
2.8.1 LAB MEDIA – Image of grating that first elicits no response

2.8.2 Will be footage of the rotating drum with the fish and a small grating that does not elicit a response – bring in side by side with 2.8.1
2.8.3 SCREEN (or footage) of OKR from smallest response with grating
2.8.4 LAB MEDIA – Image of smallest grating that gives a response – bring in side-by-side with 2.8.3
2.8.5 LAB MEDIA from 2.8.1 and OKR of fish with no response to verify loss
See attached media: “gratings 2.8 correspond to video.tiff” and “zebrafish OKR acuity.wmv” We also took additional footage showing the gratings rotating around the fish and screen capture. I have additional recordings from the shoot that were captured by the microscope camera if needed.  We want to show a strong response with the base grating, followed by a loss of response, regain the response and then repeat the response loss. The gratings for the threshold are VERY similar.
2.9. To obtain monocular acuity measurements, place a black plastic occluder over the stripes adjacent to the opposite eye and repeat the data collection process.  Then switch to the other eye by repositioning the occluder and taking measurements.
2.9.1. CU Talent tapes occluder over stripes adjacent to opposite eye
2.9.2. MED/CU Talent taking measurements on computer screen and drum with fish also visible (moved to 2.10)
2.9.3. CU Talent moves occluder to other side
2.10. Use the reference measuring strip beneath the fish tank to note the distance of each eye from the strip for making accurate acuity measurements.

2.10.1.  CU/ECU Reference measuring strip beneath fish tank with fish in view

2.9.2
MED/CU Talent taking measurements on computer screen and drum with fish also visible

2.11. To determine visual acuity, calculate cpd using the following formula where a is the distance from the center of the lens to the grating, and h is the length of one cycle of the smallest grating at which OKR was observed. For combined visual acuity measurements, use an average a-value calculated from both the left and right eye. (Editor, point out h and a with the VO.)
2.11.1. TEXT on WHITE BACKGROUND of formula:  
[image: image1.png]



3. Representative Visual Acuity Results-(second to last section)
3.1. The procedure demonstrated in this video can determine visual acuities for zebrafish of many ages.  The best binocular spatial acuity recorded was 0.74 cpd.  As shown here, binocular acuity generally increases with age, but levels off after ~12 months of age.
3.1.1. LAB MEDIA Figure 2
3.2. When the visual acuity was measured in 5 month old wild type fish compared to age-matched lrp2/bugeye fish, that have asymmetric eye development, we found that the lrp2/bugeye fish had significantly reduced acuity.
3.2.1. LAB MEDIA Figure 4
3.3. When compared to the binocular acuity, binocular summation is observed similarly to human vision.  As demonstrated in this graph, binocular acuity was generally 5-10% better than either right (OD) or left (OS) acuities measured independently.  For some individual fish the difference was a 25% improvement.  
3.3.1. LAB MEDIA Figure 3, Editor, point out the OU column for ‘binocular acuity was generally 5-10% better’, then point to the OD or OS for the right or left acuities, respectively.
INSTRUCTIONS FOR AUTHORS:

Please ensure that the representative results narration is appropriate and correctly describes your images, movies, or figures.  Our editors have ensured that the results are written in our format.   

We consider this section a critical aspect of the video, because here is where you provide validation for your experiments.  For example, if this is a cell culture preparation, this section is where the video will show your cells at various time points following culturing.  If this is an imaging prep, then this part is where you will show examples of your imaging experiments.  

Please limit the extent of narration to no more than 2-3 lines of text per image or movie file being described.   Figures with multiple panels submitted with the original protocol should be broken up so that each panel is a separate image.   Like the schematic, each image or movie file supplied in the results should be referenced by annotation in parenthesis, however for the results, the specific filename should be given in parenthesis.  

Below is an example of results text:

EXAMPLE REPRESENTATIVE RESULTS

5.  Evaluation of Morpholino Injection and Knockdown
5.1   Representative results of both morpholino injection and mRNA injection are shown here. The    

        uninjected control at 48 hours post fertilization looks normal, as expected 

        -LAB MEDIA: 0123_PIname_Figure1.tif  (Replace 0123 with your jove video #)

5.2   However, embryos injected with the morpholino heg_e3i3_egfr1, which knocks down Heg isoforms

                     containing the first of two EGF-like repeats, exhibit brain edema.


        -LAB MEDIA: 0123_PIname_Figure2.tif


5.3   Injection of heart of glass mRNA also produced an obvious phenotype. At 24 hours post fertilization, 

        the heads of the uninjected controls look normal 

        -LAB MEDIA: 0123_PIname_Figure3.tif

5.4   Conversely, some of the embryos injected with the mRNA exhibit cyclopia     

                     -LAB MEDIA: 0123_PIname_Figure4.jpg

Please visit the following URL to see an example of how the results will look when complete:

http://www.jove.com/index/Details.stp?ID=1597
4. Conclusion (said by authors on camera

Authors: Below are statements we would like you to complete that summarize and conclude the video. Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol. In addition to choosing and filling out the appropriate statement, please enter the name of the individual who will say each line.
4.1 Author name  Joshua Cameron_: After watching this video, you should have a good understanding of how to _determine the visual acuity in adult zebrafish using the OKR____________ (restate overall goal of the procedure mention specific steps).
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 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.

Suppl Movie adult ZF OKR_xvid.avi

Figure 4 NEW.tiff (included per request above.)
gratings 2.8 correspond to video.tiff

zebrafish OKR acuity.wmv
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.
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