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Authors, please fill out any unanswered questions below.  
A. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)______Yes___ 
Can you record movies/images using your own microscope camera? (Y/N)____No_____ 
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 _____Zeiss 2000C_________ and step numbers to be recorded through microscope: _____________________________________________ 
Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.
B. Does your protocol include software usage? (Y/N) ___Yes_____ 
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. (You do not need to include steps that will be screen captured. Please do not list entire sections.) Steps 2.2, 2.4, 2.7, 2.8, 2.11, and 3.5 ___________________________________________
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.) _ Step 2.4   Correct placement of needle tip into the sub retinal space during the injection is the most difficult step. We use The RIS microscope to aid in the placement of the needle tip and fluorescein sulfate solution is added to the virus preparation to enhance the contrast to facilitate tip visualization and placement.  OCT imaging is used to confirm the success of all injections.
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) ___No____ If yes, how far apart are the locations? _______Room B143 in the Veterinary Medical Unit (VMU) facility in VA WNY HCS.
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)
Authors: Please complete the following statement to describe the overall goal of your protocol. This should consist of a single statement of no more than 40 words.  
This method for subretinal injection provides an alternative route of vector delivery to the retina which is minimally invasive, observable in real time, reproducible, and facilitates the goals of gene therapy, providing quantitative measures to evaluate toxicity and/or rescue in-vivo. (Intro) (40 words)  
B. Required Interview Statements: (Said by you on camera. Don’t forget to smile!) 
Authors: Below are statements we would like you to complete that provide additional information about the significance of your protocol. You may revise the given prompts as necessary to improve the sentence flow.

Please complete the following two statements and indicate the name of the author who will give the statement. If only one author is giving interview statements, the same author may speak both statements. Please restrict the length of each statement to no more than 30 words.
1.1. Jack Sullivan: This method answers key factors in gene therapy research: vector delivery, efficacy, and toxicity of therapeutic agents. These questions are definitively answered through quantitative measures of success and failure in vivo.  (30 words)
1.2. Mark Butler: Advantages of this technique include minimal damage to the retina and other eye structures, precise injection site mapping, and rigorous quantitative measurements in vivo that allow solid statistical inference.  (29 words)    

C. Optional Interview Statements: (Said by you on camera. Don’t forget to smile!) 
Authors: The following statements may be spoken by additional authors if desired. These statements must be completed by different authors than those who gave the required statements, and no more than one statement can be spoken by each additional author. Please restrict the length of each statement to no more than 30 words. You may revise the given prompts as necessary to better fit your protocol, but please remember that the total introduction length cannot exceed 150 words. 
1.3. Jack Sullivan: Generally, individuals struggle with subretinal injections in mice due to the small size of the animal eye, and the necessary precision required to achieve proper needle placement. This is confounded by the need to deliver sufficient light into the tiny eye for direct real time surgical observation. (47 words) 

1.4. Visual demonstration of this complex method (trans-scleral, trans-choroidal subretinal injection) is crucial to understand the essential nuances which the experienced technician now performs intuitively to accomplish a successful delivery.   (30 words)
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
Authors: If any individuals will be doing demonstrations on camera but are not assigned a speaking part in the introduction section, please use statement 1.8 to introduce these individuals (for example, the PI introduces a student not speaking on camera). Please use this statement ONLY if the demonstrator has not given an interview statement and limit the statement to no more than 30 words.
1.5. Jack Sullivan: Demonstrating the procedure will be, Mark Butler, a colleague from my laboratory. 
1.5.1. Interview style: Author saying the above 

1.5.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.
*Note to the Authors: Goal and interview statements will be edited to conform to the specified number and length restrictions. I am happy to help if you have any questions.
E. Ethics title card: (for human subjects or animal work, does not count toward word length total)
1.6. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) at Veterans Administration Western New York Healthcare System and secondarily by the IACUC at the University at Buffalo- Jacobs School of Medicine and Biomedical Sciences. 
Protocol
: (read by voice talent at JoVE)
Authors: 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. Subretinal Injection
2.1. For intraocular transgene injection, first place an anesthetized mouse (TEXT: Anesthesia: 2.5% avertin i.p.) onto the viewing stage of a retinal imaging system microscope (TEXT: See text for full mouse injection/imaging preparation details).

2.2. Next, place the tips of a sterile blunt iris forceps at the 7 o’clock and 10 o’clock positions of the eyelid while pushing the forceps open and down to gently induce proptosis of the globe. 

2.3. Use the forceps to coax the eyelids under the eye globe and direct the tip of the needle to about 1-1.5 mm below the edge of the corneal limbus.

2.4. Carefully drive the needle into the eye through the conjunctiva until a scleral depression is created and use the micromanipulator to rotate the eye downward until the scleral depression can be visualized through the dilated pupil using the retinal imaging system stereo microscope.
2.5. Apply a drop of sterile 1x PBS solution to the eye 
and cover the eye with a sterile coverslip. 

2.6. Focusing on the scleral depression created by the tip of the needle, drive the needle forward until a sharp peak of the retina forms at the injection site.

2.7. Using the holder, rotate the needle until the tip bores through the sclera and the fluorescein in the needle is visible under the retina in the immediate vicinity of the retinal pigment epithelium cell monolayer. 

2.8. Drive the tip of the needle so it is tangential to the globe. Then activate the injection pump with the foot pedal switch. 

2.9. After 0.5-1 microliter of transgene solution has been delivered to the subretinal space, then withdraw the needle.

2.10. Check that the bleb is stable and fluid does not leak out of the injection track site. Then place the animal onto the imaging platform of the OCT instrument and record a rectangular volume image (TEXT: See text for HR-SD-OCT imaging details). 

2.11. Then confirm that the injected fluid is located in the subretinal space and save the images for determining the extent of the bleb (TEXT: See text for full post procedure care details). Animals with injections that cannot be confirmed are euthanized. 
3. High Resolution Spectral-Domain Optical Coherence Tomography (HR-SD-OCT) Outer Retinal Degeneration Evaluation

3.1. To assess post-injection retinal degeneration, first open a recorded HR-SD-OCT (Pronounce: H-R-S-D-O-C-T) rectangular volume image and select a B-scan to be measured.
3.2. Zoom the selected image to until it fills the screen and right-click on the image. 
3.3. Click “Calipers” to select the appropriate number of calipers and confirm that the calipers appear in the lower right corner of the image. Then use the “Configure Caliper” feature to assign the calipers as “Vertical” in the angle block column.
3.4. Turn on the “Display Caliper Location” to facilitate uniform caliper placement across the retina and click apply.
3.5. Using the computer mouse, move each caliper to the appropriate location 0.1-0.2 mm apart across the B-scan (TEXT: Place 1st caliper on left side of OD images/on right side of OS images), taking care to place one caliper into the center of the optic nerve head when appropriate (TEXT: Set central optic nerve caliper to 0).
3.6. When all of the calipers have been placed, click and drag each caliper to the length span of the region of interest, arbitrarily setting calipers not overlaying measurable regions of the B-scan to maximum length (TEXT: Ignore max-length caliper data during data analysis). 
3.7. To measure the outer nuclear layer thickness, place the top of each caliper at the external limiting membrane and the bottom of each caliper at the bottom of the outer plexiform layer at 0.1 to 0.2 mm increments across the retina.  
3.8. After all calipers have been placed and adjusted to size, right click on the image and click “Save Caliper Data”. 
3.9. Then repeat the measurements as just demonstrated for every tenth B-scan, keeping the calipers open and at the same location on the x-axis and adjust the lengths of the calipers as necessary without moving them in the x-direction.
3.10. When all of the scans have been measured, open the saved data files and click “Date Modified” to arrange the files according to time saved.
3.11. Open all of the files for each b-scan measured and compile the raw data from each B-scan into a single file from lowest to highest frame number. Select the columns of data, including the “Caliper name”, “Length”, and “Center X” columns. 
3.12. Ensure that the Center X is the same for all of the B-scans measured for each rectangular volume OCT image processed and delete any data from the calipers that were not used to record measurements.
3.13. Set the caliper located at the center of the optic nerve head to zero and plot the data for X vs. multiple Y data sets to get a 3D plot function for the thickness of the outer nuclear layer or any other measured retinal layer. 
3.14. Then compare the outer nuclear layer measurements between the control and experimental animals with corresponding ages to determine the rate and uniformity of any potential retinal degeneration (TEXT: Repeat for OSL measurements w/ calipers between ELM and BM). 
3.15. For 3D mapping of the retinal measurements, review the post injection OCT images and note any identifiable landmarks (TEXT: e.g. ONH, retinal blood vessels).
3.16. Then position the animal to obtain a follow-up SD-OCT from the same region, taking care to include the same identifiable landmarks (TEXT: See text for mouse imaging preparation details), and process the recorded images as just demonstrated.

4. Injection Site and Subretinal Bleb Mapping 
4.1. To confirm the success of the injection, record a post injection rectangular volume OCT as just demonstrated and compare images to the different types of potential injection outcomes as described in the paper. 
4.2. To map the extent of the subretinal bleb, obtain a rectangular volume OCT image of the bleb such that a recognizable landmark within the eye is included in the image.

4.3. Add a single caliper to the figure at the inflection point where the retina detaches from the retinal pigment epithelium and the choroid and save the image. 
4.4. Then compile the images to effectively map the border of the injection bleb onto the fundus image containing the injection site and save the compiled image to locate regions of interest during follow-up imaging. 

OPTIONAL: Author Protocol Interviews: In this section, please submit a brief statement stressing the required technique for the single most critical step of the procedure. This will be an interview style shot, interjected into the appropriate point of the protocol section of the video. If there is no single critical step, then there is no need to fill this out. If there are two critical steps, please fill out two statements, but this is the maximum. Each statement, should be 40 words or less. Please specify who will speak these parts and which step(s) in the protocol the statement pertains to. Use the step numbers given above.
Mark Butler, Step: It is very important to obtain high quality OCT images which include identifiable land marks (e.g. ONH, blood vessels) to facilitate re-imaging of regions of the retina that were previously injected. 
Author name, Step 
Results
: Representative Outer Retinal Change Quantification and Post-Subretinal Injection 3D Mapping 
4.5. Mice with a single copy of mutant human rhodopsin gene (P347S) on the mouse wild type rhodopsin background demonstrated near normal outer nuclear layer thickness at 3 weeks and temporally progressive and spatially uniform retinal degeneration at 10 and 37 weeks [1-LM], while mice with two mutant human rhodopsin genes exhibited a much more rapid degeneration, as demonstrated by extensive retinal thinning and an essentially complete loss of all photoreceptors by 3 weeks of age [2-LM].

4.5.1. Authors: please upload the graph from Figure 2B through the submission link as its own .ai or .psd file without the B label

4.5.2. Figure 2B
4.6. The high resolution of images captured with the HR-SD-OCT system facilitates the accurate measurements of the outer nuclear layer or outer segment length [1-LM], to allow discrimination of small differences with solid statistical reliability in these humanized rhodopsin mouse models with one of two doses of human wild type rhodopsin gene [2-LM].
4.6.1. Authors: please upload the image from Figure 3B as its own unflattened .ai or .psd file OR without the red and blue lines and brackets and texts through the submission link without the B label

4.6.2. Authors: please upload the graphs from Figure 3C together in one .ai or .psd file without the C label through the submission link 
4.6.3. Fig. 3B

4.6.4. Fig. 3C
4.7. If the subretinal injection is performed successfully, the opening of the subretinal space induces the production of a bleb that can be clearly visualized both in the en face view of the HR-SD-OCT imager [1-LM] and in the B-scan images [2-LM].

4.7.1. Authors: please upload the image from Figure 4A through the submission link as its own .ai or .psd file without the A label

4.7.2. Authors: please upload the image from Figure 4C through the submission link as its own unflattened .ai or .psd file OR without the arrows and ONH texts and without the C label
4.7.3. Fig. 4A.

4.7.4. Fig. 4C.
4.8. Superimposing the border map of the injection site allows the segmentation of the retinal tissue measurements and caliper position data sets to allow subsequent statistical testing of the effects of specific therapeutic agents on retinal degeneration [1-LM].
4.8.1. Authors: please upload the 3D graph from Figure 5E through the submission link as its own .ai or .psd file without the E label 
4.8.2. Fig. 5E.
RESULTS INSTRUCTIONS FOR AUTHORS:

Please ensure that the representative results narration is appropriate and correctly describes your images, movies, or figures. Our editors will ensure 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. The results section is limited to 200 words total. If your results section contains more than 3-4 figures, please choose the most important figures to illustrate your results. Figures with multiple panels submitted with the original protocol should be broken up so that each panel is a separate image. Each image or movie file supplied for the video results section should be referenced by its specific file name.
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 

     45678_Figure1.tif (Replace 45678 with your Jove video number)

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.


     45678_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 

    45678_ Figure3.tif

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

           45678_ Figure4.jpg

Please visit the following URL to see an example of how the results will look when complete:
http://www.jove.com/video/1597/results-example-mably?status=a3603k
5. Conclusion (said by authors on camera):
Authors: Below are statements we would like you to complete that summarize and conclude the video. Please choose the statement(s) you wish to conclude the video and indicate the name of the author who will give the statement. Please restrict the length of each statement to no more than 40 words. You may revise the given prompts as necessary to better fit your protocol.

5.1. Mark Butler: Once mastered, this technique can be done in 10 minutes if it is performed properly. (15 words) 
5.2. Mark Butler: While attempting this procedure, it’s important to remember to keep the surgical environment clean and sterile. (16 words)
5.3. Mark Butler: Don't forget that working with any gene therapy vectors can be hazardous and precautions such as personal protective equipment should always be used while performing this procedure.  (27 words) 
5.4. Mark Butler: Following this injection procedure, OCT and other methods like an Electroretinography can be performed to answer additional questions like functional rescue and/or toxicity. (23 words) 
5.5. Jack Sullivan: After its development, this technique paved our way as researchers in the field of gene therapy to monitor the entire subretinal surgical injection process in real time and created a way to immediately determine surgical success in vivo. (38 words) 
5.6. Jack Sullivan: After watching this video, you should understanding how to perform trans-scleral trans-choroidal subretinal injections, map the extent of the injection bleb onto the OCT fundus image, and obtain rigorous measurements of the outer retinal layers to assess photoreceptor vitality/toxicity in small animal eyes. (43 words) 
*Note to the Authors: Interview statements will be edited to conform to the length restrictions. I am happy to help if you have any questions.
Provided Media

Authors, please list all images, movie files, or 3-D rendered animations that are to be included in the video per editor’s request. The step in the script/video where the files will be inserted should be indicated before the file name (please do not name files with step number, as step numbers may change with revisions). For example:

3.1.1. Figure1.tif - dual color imaging of tumor angiogenesis at 40X 

3.1.2. 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 the filenames of all the media to be included into the video here.
Fig. 2B.  OCT measures of outer retinal degeneration in partially humanized adRP mouse.ai

Fig. 3B.  High resolution retinal OCT image without text and brackets.ai

Fig. 3C.  Bar graph plots of the ONL and OSL measurements.ai

Fig. 4A. Successful subretinal injection fundus image.ai

Fig. 4C.  OCT image of successful subretinal injection.ai

Fig. 5E. 3D plot of ONL measurements after subretinal injection.ai
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 in the email accompanying the finalized script.

�Authors comment on Step 4.2.2: Yes we will image 4.1.3 to 4.1.14 section.�Authors comment on Step 4.3.1: We will not show section 3.6, the imaging process is not unique to our method and can be easily learned from others. We would like to show the post-injection image following the injection but the details of how to obtain the OCT is not necessary.


�Authors: Which reagent will you be applying to the mouse’s eye in the video? We can reference both reagents in the text only portion of the paper but can mention only one here in the video. We will use 1X PBS for filming.  


�Authors: The Results section is restricted to ~200 words of narrative. If you would like to highlight other data, please revise this section accordingly, keeping in mind the word count restriction. Please note that we cannot include narrative without an accompanying visual.
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