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Authors, please fill out the brief questionnaire below.   
A.  Will you require JoVE to record video microscopy through a microscope (not on a computer screen attached to a microscope), such as filming a complex dissection or microinjection technique? No, it can be filmed on a computer screen attached to a microscope.

B.   Does your protocol include detailed, step-by-step, descriptions of software usage? Detailed steps of how to quantify zebrafish birefringence using ImageJ software is described explicitly in the manuscript.  Specific software instructions for touch-evoked escape behavior are not included in our text, but we will show steps specific to SPOT software package in the video.

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps.

Birefringence

1. Fit dissecting microscope with polarized lenses.

2. Place the embryo directly on the bottom lens.

3. Rotate the lenses and position the fish to achieve maximal birefringence readout.

4. Use “Polygon Selections” tool in ImageJ to quantify birefringence images.

Touch-Evoked Escape Behavior

1. Center fish in Petri dish in field of view of the dissecting microscope.

2. Begin sequential imaging.

3. Touch tail of fish with an insect pin.

4. Stop sequential imaging.

5. Convert sequential images into video file.

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Birefringence: Positioning the fish – Try a variety of positions and observe which orientation yields the brightest overall birefringence.  TEEB: Centering fish (especially wild type) in the field of view – Allow the Petri dish to sit completely still after placing the fish in the water and wait for fish to stop moving.  If a particular fish is very active and will not stop moving, try protocol with a different fish.

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 evaluate the extent of myofibrillar organization in translucent zebrafish larvae, and to quantify their swimming distance in response to tactile stimulation. (Intro) 
For both methods, this is accomplished first by mating the zebrafish and then collecting viable eggs (P1). 
In the second step of the assay for evaluating muscle structure, a dechorionated, anesthetized zebrafish embryo is positioned directly between two polarized lenses on a stereomicroscope stage (P2) so that the fish is oriented along the lateral axis of its body and is in as flat an orientation as possible. (P3) 
The birefringence is then visualized and the muscle integrity is quantified. (P4) 
In the second step of the touch-evoked escape assay, a single, dechorionated larva is placed into a deep Petri dish and then centered in the field of view of the stereomicroscope. (P5) 
A mechanosensory stimulus is delivered to the larva by touching the tail with an insect pin and the animal’s reaction is imaged until the embryo quits swimming or swims out of the field of view. (P6) Ultimately, differences in muscle organization and locomotive responses can be quantified. (P7)
(P1) with “first by … zebrafish” please show 2.2.3. (divider being lifted so fish can mate); with “then … eggs” please show 2.3.1. (eggs being collected)

(P2) from Birefringence illustrator.ai (Submitted as “P2) Birefringence Illustrator”), show middle of left 3 microscopes, then have fish appear and move on top of bottom lens as in right of 3 microscope graphics
(P3) with “in as flat … possible” please use 2.9.1. (fish being made flat)
(P4) with birefringence is then visualized“ series of the “Microscope view” show  images from Birefringence illustrator.ai: first grey circle/grey fish with “initial” text, then image transitions to middle image (grey circle/light grey fish) with “Rotate top lens” text and rotate the red arrows, the image transitions to bottom image (black circle/white fish) and “Final” text; with “muscle … quantified” show images from Birefringence illustrator.ai: from first/left quantification image show fish and text and then have red line appear (no arrow), then transition to second/middle image, change text and have body be circled with red line, then show third/right table graphic
(P5) with “a single … dish” please show 3.1.1. (placing embryos in dishes); with “centered … stereomicroscope” please 3.2.1. (centering fish) 

(P6) with “mechanosensory … pin“ from TEEB illustrator.ai (Submitted as “P6) TEEB Illustrator”), please show 3rd image of petri dish with blue water and fish, then have pin appear and touch tail of fish and have image zoom out as fish moves in response to pin to show that petri dish is on microscope (like fourth fish/microscope image)
(P7) with “differences in muscle organization” please show JOVE Fig 4 BFQ.tif; with “locomotive responses” please show TEEB_Table1.ai
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.    

· Enter the name of the individual who will say each line. 

· Please choose and fill out the statement(s) that convey the most important fact(s) about your protocol. You may revise the given prompts as necessary to improve the sentence flow.

· If any individuals will be doing demonstrations on camera but are not assigned a speaking part in this interview section, please also use statement 1.8 to introduce these demonstrators (for example, the PI introduces students)

1.1. Vandana Gupta: The main advantages of these non-invasive techniques are that large numbers of fish can be analyzed quickly and skeletal muscle defects in the same fish can be monitored in vivo over several days.
1.2. Laura Smith: Visual demonstrations of setting up polarized lenses and positioning larvae in the proper orientation are critical to ensure success with these assays.

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. In Vivo Analysis of Skeletal Muscle Structure by Birefringence
2.1. Begin by mating the desired zebrafish lines in the late afternoon after feeding. The males have slender bodies and a pink-yellow hue; the females can be distinguished by their bigger underbelly and slight blue-white coloration. 
2.1.1. WIDE: Talent enters lab/frame and approaches cage(s)
2.1.2. ECU: Shot of male zebrafish (Video Editor: with “pink-yellow hue” please point an arrow to, highlight, or otherwise indicate pink/yellow color on fish)
2.1.3. ECU: Shot of female zebrafish (Video Editor: with “bigger underbelly” please point an arrow to/circle/otherwise indicate underbelly; with “slight blue-white coloration” please point an arrow to, highlight, or otherwise indicate blue/white color on fish) 
2.2. To increase the chances of a successful mating, place one male on one side of each cage divider and 2-3 females on the other. The next morning shortly after the onset of light, remove the cage dividers and allow the fish to spawn undisturbed.  
2.2.1. MED: Talent placing fish in cage
2.2.2. CU: Overhead shot of male swimming on one side of divider and 2-3 females swimming on other (Video Editor: If possible transition between 2.2.2. and 2.2.3. with circular swiping like the hand of a clock swinging down from midnight around the face of the clock back up to noon)
2.2.3. CU: Quick overhead shot of male swimming on one side of divider and 2-3 females swimming on other, then divider is lifted and few seconds of fish entering opposite sides of cage/swimming around w/o divider (Video Editor: If possible transition between 2.2.2. and 2.2.3. with circular swiping like the hand of a clock swinging down from midnight around the face of the clock back up to noon)
2.3. Then, when a sufficient number of fertilized eggs are laid at the bottom of each tank, use a strainer to collect the eggs. Rinse the strainer with fish water to transfer the embryos into a deep Petri dish and then return the parent fish to their tanks. Place the dish of embryos into a ~28.5°C incubator.  
2.3.1. CU: Shot of eggs at bottom of one tank, then strainer enters frame and sweeps up at least a few eggs

2.3.2. MED: Talent rinses strainer/eggs into petri dish

2.3.3. MED: Talent returning at least one fish to parent tank

2.3.4. MED: Talent places dish into incubator. (Comment: These shots were not filmed.)
2.4. Later that day or the following morning, Clean out the inviable eggs from all clutches collected from mating adult fish.  These generally appear white and opaque to the naked eye or as a cluster of dark, disorganized cells under the microscope.  Return the embryos to the incubator for further growth.
2.4.1. LAB MEDIA: AllDead1.tif (Video Editor: If possible, please indicate at least a few cells with circles or arrows or similar)

2.4.2.  LAB MEDIA: Microscope1.tif (Video Editor: If possible, please indicate at least a few of the cells with dark/black clusters in the center)
2.4.3. CU: Petri dish being placed into incubator

2.5. 3-7 days post fertilization, use a pair of sharp forceps to gently make a tear in the chorion of the embryo of interest, and then turn it upside down so that the embryo falls out. (Comment: These shots were also submitted as SCREEN images/movies.)
2.5.1. ECU: Shot of embryo, then few seconds of forceps gently tearing chorion (TEXT: Skip if embryo has hatched naturally)
2.5.2. CU: Shot of chorion being turned upside down and then embryo falling out 
2.6. Anesthetize the dechorionated embryos with tricaine to aid in their correct positioning, and then fit a dissecting microscope with a polarized lens that can be rotated to adjust the angle of polarized light.
2.6.1. MED: Talent adding tricaine, if possible, with tricaine label in view (TEXT: 0.04% Tricaine in fish water), to at least one embryo
2.6.2. MED: Few seconds of Talent fitting dissecting microscope with polarized lens
2.7. Once the embryos have straightened, position a second polarized lens on the microscope stage directly below the top lens and then place one embryo at a time along the lateral axis of its body directly on top of the second lens. 
2.7.1. CU: Second lens being placed, then embryo being placed (Videographer: Split action into separate steps as necessary)
2.8. Rotate the top lens with the embryo of interest in view until the axes of polarization of the two lenses are oriented 90° from one another and the background is completely dark. 
2.8.1. MED: Talent rotates top lens
2.8.2. SCREEN: Embryo of interest in view, then axes of polarization being oriented at 90° from one another and then background becoming dark
2.9. [Spoken by Talent, interview style (looking just off camera)]: “The trickiest part of this part of the procedure is positioning the fish. To ensure success, try a variety of positions and observe which orientation yields the brightest overall birefringence.”
2.9.1. MED: Talent speaking the above, interview style (Comment: This shot was not filmed.)
2.10. Move the fish around to make sure that they are lying as flat as possible. If a fish is curved, only the segments with a flat orientation will pass the polarized light and exhibit birefringence.  
2.10.1. CU: Few seconds of fish being moved around to be as flat as possible
2.10.2. SCREEN: Shot of at least one curved fish (Video Editor: If possible, please indicate flat/birefringent segments with “only the segments … birefringence”) (TEXT: Measure birefringence in flat areas of curved fish)
2.11. Now observe the birefringent phenotype of the fish: wild type fish with highly organized skeletal muscle show bright birefringence, as the refractive index for the light parallel to the myofilaments is higher than the polarized light perpendicular to these structures.
2.11.1. SCREEN: Shot of wild type fish
2.12. Fish with disorganized skeletal muscle suggestive of a non-degenerative myopathy or a developmental defect typically show an overall reduction in birefringence. 
2.12.1. LAB MEDIA: myopahtic_fish_3dpf.ai (Video Editor: with “disorganized skeletal muscle”, please indicate some of the dark sports along the spine/body of the fish)
2.13. Fish with disorganized skeletal muscle characteristic of muscular dystrophy commonly exhibit a patch-like pattern of birefringence, with dark areas representing muscle degeneration among bright areas of normal muscle architecture. 
2.13.1. SCREEN: Shot of dag1 fish (Video Editor: with “dark areas … architecture” please indicate at least a few dark areas with arrows or other appropriate markers)
2.14. Collect images of the fish under polarized light for quantification of the birefringence. Save the images as .tiff files.
2.14.1. SCREEN: Shot of at least one fish under polarized light, then image being taken, then image being saved as a .tiff file (TEXT: Same exposure settings/magnification for wt and mutant)
2.15. Open the birefringence images in an image processing software program. If using ImageJ, as shown here, for each image, first use the “Polygon Selections” tool to draw a line around the body of the fish to set the area of zebrafish muscle for measurement.
2.15.1. MED – over the shoulder: Talent at computer, opening program
2.15.2. SCREEN: Image being opened in ImageJ, then “Polygon Selections” tool being selected, then line being drawn around body of fish
2.16. Then under the “Analyze” drop-down menu, choose “Set Measurements” to select the required statistics for the image. Check the boxes for “Area,” “Mean gray value,” and “Min & max gray value”. 
2.16.1. SCREEN: “Analyze” menu being chosen, then “Set Measurements” being selected
2.16.2. SCREEN: “Area”, “Mean gray value”, and “Min & max gray value” boxes being checked (TEXT: Use images w/ max gray <255)
2.17. Finally, normalize the mean intensity within the selected area to quantify the birefringence of each image.
2.17.1. SCREEN: Few seconds of mean intensity being normalized (Comment: This shot was not submitted and does not need to be shown, as it a simple division of numbers and is already briefly explained in the TEXT.)
3. Touch-Evoked Escape Behavior Assay
3.1. To set up the touch-evoked escape behavior assay, 2-7 days post-fertilization, place the dechorionated fish of interest individually into deep Petri dishes.
3.1.1. WIDE: Talent placing a few fish into individual petri dishes
3.2. [Spoken by Talent, interview style (looking just off camera)]: “The most difficult part of the touch-evoked escape behavior assay is centering the fish in the field of view. To ensure success, allow the Petri dish to sit completely still after placing the fish in the water and wait for fish to stop moving. If a particular fish is very active and will not stop moving, try the assay with a different fish.”
3.2.1. MED: Talent speaking the above, interview style (Comment: This shot was not filmed.)
3.3. Working with only one embryo at a time, center the fish in the field of view of a stereomicroscope equipped with a digital camera system and begin sequential imaging, using ≥ 30 Hz frame rates. 
3.3.1. MED: Few seconds of Talent centering fish in field of view
3.3.2. SCREEN: Few seconds of fish being centered in field of view, then sequential imaging being started (Video Editor: If possible, please highlight/indicate frame rates when mentioned) (TEXT: Same imaging frequency for wt and mutant) (Comment: This SCREEN shot was not submitted.  Video Editor: Please do incorporate frame rates into film, possibly in 3.4.1 and/or 3.5.1.)
3.4. Then, using an insect pin, touch the tail of the embryo to deliver the mechanosensory stimulus, stopping the imaging when the embryo has stopped swimming or has swum out of the field of view. 
3.4.1. SCREEN: Insect pin appearing in field of view, then touching embryo tail, then imaging being stopped when fish stops swimming/leaves field of view (TEXT: Use new embryo for each additional assay).
3.5. Finally, convert the sequential images into a video file or analyze the individual frames of time-lapse images off-line.
3.5.1. SCREEN: Few seconds of images being converted into video file
3.5.2. MED – over the shoulder: Few seconds of Talent at computer, analyzing an individual frame(s)
4. Results: Representative wt and mutant skeletal muscle analyses
4.1. Birefringence can be used as an efficient, non-invasive assay to shed light on the state of myofibrillar organization in living zebrafish embryos. Wild type zebrafish at 5 days post fertilization display highly birefringent skeletal muscles under polarized light due to their ordered array of myofilaments. In contrast, age-matched embryos homozygous for a pathogenic mutation in the dystroglycan, or dag1 (Pronounce: “dag-one”), gene display patchy birefringence, indicative of areas of muscle degeneration. This patch-like pattern and rapid progression of muscle degeneration throughout early development is consistent with other dystrophic fish models. 
4.1.1. LAB MEDIA: JOVE Fig 2 Dag1.tif 
(Video Editor: with “Wild type … myofilaments” please highlight the top row of images; 

with “display .. myofilaments” please indicate the bright fish in the right top image; 

with “In contrast … degeneration” please highlight the bottom row of images; 

with “display patchy birefringence” please indicate the bright spots in the bottom right image)
4.2. Quantifying the birefringence of 5 days post fertilization dystrophic dag1 mutants identifies a significant reduction in brightness to 27.9% ± 5.3% of the maximal birefringence seen in their wild type siblings. This reduction is more severe than the reduction to 52.4% ± 5.5% observed in 3 days post fertilization myopathic mtm1 (Pronounce: “M-T-M-one”) morphants.
4.2.1. LAB MEDIA: JOVE Fig 4 BFQ.tif 
(Video Editor: with “dystrophic … 27.9% ± 5.3%” please have an arrow stretch down from the top of the left WT bar down to the top of the dag1 bar and then highlight the dag1 data bar; 

with “27.9% ± 5.3% “ please have an arrow indicate this approximate % on the y-axis; 

with “seein in their wild type siblings” please highlight the left WT data bar; 

with “the reduction to 52.4% ± 5.5%” please have an arrow indicate this approximate % on the y-axis; 

with “than the reduction … morphants” please have an arrow stretch down from the top of the right WT bar down to the top of the mtm1 bar and then highlight the mtm data bar)
4.3. Myopathic fish models instead tend to show an overall reduction in birefringence compared to wild type, as there is often myofibrillar disorganization in the major axial skeletal muscles, but no evidence of degenerative changes.  
4.3.1. LAB MEDIA: JOVE Fig 3 Mtm1.tif 
(Video Editor: with “Myopathic fish models” please highlight the bottom row of images; 
with “overall reduction in birefringence” please indicate the dull fish in the right bottom image; 
with “compared to wild type” please indicate the bright fish in the right top image; 

with “myofibrillar disorganization in the major axial skeletal muscles” please indicate the area along the spine/body of the fish in the bottom left image)
4.4. Touch-evoked escape behaviors can be used to demonstrate that zebrafish models of skeletal muscle disease display locomotive defects and swimming difficulties. This first video shows a touch-evoked escape behavior assay on wild type zebrafish. Note how at 5 days post fertilization the normal fry swim away very rapidly in response to touch.
4.4.1. LAB MEDIA: wtteeb(1).mp4
4.5. In this second video, dag1 fry touch-evoked escape behavior was captured. Note how day 5 post fertilization mutant embryos exhibit an impaired response to touch and fail to exit the field of view after stimulation.
4.5.1. LAB MEDIA: dag1teeb3(1).mp4
4.6. The videos were then analyzed frame by frame to confirm that dag1 mutants exhibit impaired movement compared to wild type controls in response to tactile stimuli. 
4.6.1. LAB MEDIA: JOVE Fig 5 TEEB.tif 
(Video Editor: with “confirm that dag1 mutants exhibit impaired movement” please highlight the bottom 7 images; 

with “wild type controls” please highlight the top 4 images; 

with “in response to tactile stimuli” please highlight/indicate the dark pins in the first/left images of the top and middle rows) 
4.7. The distances both types of embryos were able to move within a fixed time interval were averaged and indicate a diminished motor function in dag1 mutants.  
4.7.1. LAB MEDIA: TEEB_Table1.ai (Video Editor: with “were averaged” please highlight the middle column; with “indicate … mutants” please further highlight [circle?] the 0.75 ± 0.08 text)
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/video/1597/results-example-mably?access=ksw0bprj
5. 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. You may revise the given prompts if necessary to better fit your protocol.
5.1. Vandana Gupta: Once mastered, these techniques can be performed on large quantities of fish over a short period, which is critical when conducting high-throughput chemical or mutagenesis screens.

5.2. Laura Smith: Following this procedure, more invasive approaches, such as immunohistochemistry or electron microscopy, can be performed to investigate defects in the skeletal muscle at the molecular and structural levels. 

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, 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.  

2.12 – myopathic_fish_3dpf.ai – example of myopathic phenotype (at 3 days post fertilization)

4.6 – TEEB_Table1.ai – distance moved by wild type and mutant fish in response to touch
JOVE Fig 2 Dag1.tif

JOVE Fig 3 Mtm1.tif

JOVE Fig 4 BFQ.tif

JOVE Fig 5 TEEB.tif

wteeb(1).mp4

dag1teeb3(1).mp4
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