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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)_____N____  

B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)__N______ 

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.) 3.3,  3.5,  3.6,  3.7,  3.8, 3.9.
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.) 3.3
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) __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. Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Hua Lou: This method can help answer key questions in the field of alternative pre-mRNA splicing. Specifically, it provides a robustly sensitive assay system to examine alternative splicing patterns in situ in tissue slices. Using this method, alternative splicing can be analyzed simultaneously in many cell types that are contained in complex biological structures such as a mouse brain.
1.2. Xuan Guo: The main advantage of this technique is that it uses short antisense exon junction probes in RNA in situ hybridization to produce isoform-specific hybridization signals. A built-in signal amplification technology increases the sensitivity of detection to provide robust hybridization signals. The signals detected with exon inclusion- and skipping-specific probes are then used to calculate the percent spliced in values in different anatomical areas of a mouse brain.
B. Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Xuan Guo: In this study, Nf1 exon 23a is used as an example to illustrate the use of the assay system. However, the system can be adapted to analyze expression patterns of many alternative exons.
*Note to the Authors: Interview statements will be edited to conform to the specified number and length restrictions. I am happy to help if you have any questions.
D.  Ethics title card: (for human subjects or animal work, does not count toward word length total)
1.4. All experiments involving mice have been approved by the Case Western Reserve University Institutional Animal Care and Use Committee.
Protocol: (read by voice talent at JoVE)
2. Sample Pretreatment
2.1. To start mouse brain section deparaffinization, fill two washing dishes with 250 milliliters of xylene and another two with 250 milliliters of 100% ethanol inside a fume hood [1-MED-over the shoulder-TXT].  Insert the tissue slides into a washing rack [2-MED]. 
2.1.1. Talent filling two dishes with xylene and two dishes with ethanol; show all the washing dishes that are kept inside the hood and ensure that the labels are visible. TEXT: See text for brain section preparation
2.1.2. Talent starts inserting slides into the washing rack. 
2.2. Next, place the washing rack in xylene-containing dish and incubate for 5 minutes, while moving the rack up and down at least 3 times, and repeat with the second xylene dish [1-MED]. Then, place the rack in ethanol containing dish and incubate for 2 minutes, with the same up and down movements, and then repeat with the second ethanol dish [2-MED]. 

2.2.1. Talent placing the rack in the xylene containing dish and movies the dish up and down a few times; show the xylene dish label in the frame.

2.2.2.  Talent placing the rack in the ethanol containing dish and moving it up and down; show the ethanol dish label visible in the frame.   

2.3. To dry the slides, remove the rack from the second ethanol dish and place it inside an incubator at 60 °C for 5 minutes [1-MED-over the shoulder]. Use a hydrophobic barrier pen to draw a 0.75’’ x 0.75’’ barrier around the tissue section, and air-dry for 3 minutes at room temperature. [2-CU]
2.3.1. Talent placing the rack inside an incubator.

2.3.2. Talent drawing the barrier around the tissue section using a hydrophobic barrier pen on one slide, and setting it aside.
2.4. Turn on the hybridization oven and set temperature at 40 °C. After completely wetting the humidifying paper with distilled water, place it in the humidity control tray [1-MED]. Then, insert the humidity control tray into the hybridization oven [2-MED-over the shoulder]. 

2.4.1. Talent putting the wet paper in the humidity control tray. (Editor: I’m not sure if the authors added any footage to cover the new VO)
2.4.2. Talent inserting the tray into the hybridization oven. 

2.5. After placing the dried slides on a bench, completely cover the tissue sections on each slide with 5-8 drops of hydrogen peroxide solution [1-CU]. Incubate for 10 minutes at room temperature [2-MED].

2.5.1. Talent adding hydrogen peroxide solution to the tissue section of one slide; show the hydrogen peroxide container label visible in the frame and ensure that the label is readable. 

2.5.2. Talent setting the slides aside for incubation.
2.6. Tap the slides on an absorbent paper one at a time to remove the hydrogen peroxide solution and insert the slides into a washing rack [1-CU]. Immerse the rack in a washing dish containing distilled water, while moving it up and down in distilled water for 3-5 times to wash the slides [2-MED -TXT].
2.6.1. Talent tapping one slide on an absorbent paper and inserting it into a washing rack.
2.6.2. Talent placing the rack in a washing dish filled with water and moving the rack up and down for few times in the washing dish filled with water. TEXT: Repeat the wash in a new dish with fresh dH2O
2.7. Fill a 1-liter glass beaker placed on a hot plate, with 700 milliliters of 1x target retrieval reagents and cover it with foil [1-MED-over the shoulder]. Insert a thermometer through the foil cover and turn on the hot plate and set it on high temperature for 10-15 minutes [2-MED].

2.7.1. Talent adding target retrieval reagent to a glass beaker and covering the beaker with a foil; show the reagent container label visible in the frame and ensure that the label is readable.

2.7.2.  Talent inserting a thermometer through the foil and turning on the hot plate and setting its temperature; show the hot plate settings, if possible.

2.8. Once the temperate of retrieval reagent reaches 98 °C, set the hot plate at low temperature to maintain a mild boiling condition [1-MED-over the shoulder]. Next, carefully remove the foil and place the rack inside the beaker [2-MED]. Cover the beaker with foil and incubate for 15 minutes [3-MED].   
2.8.1. Talent checking the thermometer and setting the hot plate temperate; Film the mild boiling condition of the reagent, if possible.

2.8.2. Talent removing the foil and placing the rack in the beaker.

2.8.3. Talent covering the beaker and setting the timer for 15 minutes; show the timer setting, if possible.                
2.9. Use forceps to transfer the rack from the beaker to a washing dish containing 200 milliliters of distilled water and incubate for 15 seconds [1-MED]. After 15 seconds, place the rack in a washing dish containing 100% ethanol and incubate for 3 minutes [2-MED-over the shoulder]. 

2.9.1. Talent transferring the rack from the beaker to a washing dish filled with water using forceps and setting the timer for 15 seconds; show the distilled water dish label and timer setting visible in the frame.
2.9.2. Talent transferring the rack to another washing dish filled with ethanol and setting the timer for 3 minutes; show the ethanol dish label and timer setting visible in the frame. 

2.10. Remove the rack from the dish and dry at 60 °C for 10 minutes [1-MED-over the shoulder]. After placing the slides on a stain rack cover the tissue sections with 5 drops of Protease III per slide [2-CU]. 

2.10.1. Talent removing the slide from the rack Talent removing the rack from the dish and placing it inside an incubator.

2.10.2. Talent adding protease solution to the tissue section.

2.11. Carefully place the rack in the humidity control tray… and insert the tray into the hybridization oven and incubate at 40 °C for 30 minutes [1-MED-over the shoulder].

2.11.1. Talent placing the rack in the humidity control tray and inserting the tray into the oven.
2.12. After removing the rack from the tray tap the slides to remove excess liquid and insert them into a washing rack [1-MED-over the shoulder-TEXT]. Place the rack in a washing dish containing distilled water and move the rack up and down for 3-5 times to wash the slides [2-MED].    

2.12.1. Talent tapping one slide on an absorbent paper and inserting it into a washing rack. TEXT: Return the tray to the oven.
2.12.2.  Talent placing the rack in a dish filled with water and moving the rack up and down a few times.
3. In Situ Hybridization Assay
3.1. To prepare for in situ hybridization, incubate the probes and AMP reagents at room temperature for 30 minutes [1-MED]. Insert the humidity control tray into the hybridization oven set at 40 °C [2-MED-over the shoulder]. 

3.1.1. Talent setting the probes and AMP reagents aside.

3.1.2. Talent inserting the humidity control tray into the hybridization oven, which is set at 40°C; show the oven setting, if possible. 
3.2. For probe hybridization, remove the slides from the washing rack and tap them to remove excess liquid [1-MED]. Place the slides on a stain rack [2-MED]. 
3.2.1. Talent removing the slide from the washing rack and tapping it on an absorbent paper.
3.2.2. Talent placing the slide on a stain rack.
3.3. Use a pencil to label the slides with the probe name [1-MED-over the shoulder]. Place three adjacently cut brain tissue slides to be hybridized with three different neurofibromatosis type 1 (Pronunciation: neuro-fy-bro-ma-tow-sis-type-one) probes together [2-MED-TXT]. 

3.3.1. Talent labeling the slide with the probe name.

3.3.2. Talent placing 3 adjacently cut brain tissue slides together on a stain rack, TEXT: Maintain same slide order for subsequent steps

3.4. Xuan Guo: Because three different isoform-specific probes are used on adjacently cut tissue sections, it is critical that these sections are treated exactly the same in the hybridization, amplification and signal detection steps to ensure accuracy of the percent spliced in calculation.
3.5. Cover the tissue sections with 4 drops of probe per section, one slide at the time to prevent drying out of the sections [1-CU]. Then, place the stain rack in the humidity control tray and insert it into the 40 °C oven, for 2 hours [2-MED-over the shoulder]. 

3.5.1. Talent adding the probe to the tissue section.
3.5.2. Talent placing the stain rack in the tray and inserting the tray into the oven; show the oven setting, if possible.  

3.6. Next, place a washing rack in a washing dish filled with 200 milliliters of 1x wash buffer [1-MED]. Then, tap each slide one at a time on a paper towel to remove excess liquid and immediately insert each slide into the washing rack [2-CU] and incubate at room temperature for 2 minutes in a dish filled with fresh wash buffer while move the rack up and down 3-5 times, and then repeat the wash in a new dish [3-MED].  
3.6.1. Talent placing a washing rack in the dish. *Film multiple usable takes as this step will be repeated later. 
3.6.2. Talent tapping the slide on a paper towel and inserting it into the washing rack. *Film multiple usable takes as this step will be repeated later.
3.6.3. Talent moving the washing rack up and down 3-5 times.
3.7. For signal amplification, tap each slide to remove excess wash buffer and place them on a stain rack [1-MED]. Cover the tissue section on each slide with 4 drops of AMP 0 (zero) reagent [2-CU].
3.7.1. Talent tapping one slide on an absorbent paper and placing it on a stain rack.

3.7.2. Talent adding AMP 0 reagent to the tissue section. 
3.8. Next, place the rack in the humidity control tray and insert the tray into the oven and incubate at 40 °C for 30 minutes [1-MED-over the shoulder]. 

3.8.1. Talent placing the rack in the tray and inserting the tray into the oven; show the oven setting, if possible.
3.9. Wash the slide twice with wash buffer as previously done in this experiment [1]. Repeat the signal amplification step with AMP reagents 1 through 6 as described in text protocol and wash the slides after each step [2-CU].      
3.9.1. *Use 3.6.1.

3.9.2. Talent adding AMP 1 reagent to the tissue section.
3.10. For signal detection, remove excess wash buffer from the slides by tapping and place them on a stain rack [1]. Next, mix 2 microliters of Fast Red B with 120 microliters of Fast Red A in a microcentrifuge tube [2-CU].

3.10.1. *Use 3.6.2.
3.10.2. Talent adding 2 microliters of Fast Red B to 120 microliters of Fast Red A in a microcentrifuge tube and starts mixing.  

3.11. Add the solution to the tissue sections on each slide to fully cover them [1-CU]. Place the stain rack in the humidity control tray, cover the tray and incubate for 10 minutes at room temperature [2-MED]. Then, remove the solution and insert the slides into a washing rack [3-MED-over the shoulder]. 

3.11.1. Talent adding the solution to the tissue section.

3.11.2. Talent closing the tray and setting the timer for 10 minutes.

3.11.3. Talent discarding the solution and inserting one slide into a washing rack.

3.12. Place the rack in a washing dish containing tap water to wash the slides and repeat the wash [1-MED-TXT]. After the second wash, tap on an absorbent paper to remove excess water [2-MED]. 

3.12.1. Talent placing the rack in a washing dish filled with water
3.12.2. Talent tapping it on an absorbent paper.

3.13. Next, place the rack in a dish containing 50% hematoxylin staining solution [1-MED-over the shoulder]. Move the rack up and down several times and incubate for 2 minutes at room temperature [2-MED]. 

3.13.1. Talent placing the rack in a dish containing hematoxylin solution; show the hematoxylin solution dish label visible in the frame and ensure that the label is readable. 

3.13.2. Talent moving the rack up and down for 2-3 times and setting the timer for 2 minutes.   

3.14. Transfer the rack to a washing dish containing tap water, move the rack up and down for 3-5 times, and repeat the wash [1-MED], until the slides become clear while tissue sections remain purple. [2-ECU]
3.14.1. Talent placing the rack to a washing dish filled with water and moving the rack up and down for few times
3.14.2. Zoom onto the slide when it becomes clear and tissue section purple.
3.15. Then, transfer the rack to a dish containing 0.02% ammonia water. Move the rack up and down for 2-4 times [1-MED] until the sections turn blue. [2-CU] Wash the slides with tap water 3-5 times in the staining dish [3-MED].

3.15.1. Talent placing the rack in a dish containing ammonia water; show the ammonia water containing dish label visible in the frame and ensure that the label is readable.

3.15.2. Talent moving the rack up and down in the dish for few times; 
3.15.3. Zoom onto the slide when the section turns blue.
3.15.4. Talent washing the slide with tap water in the staining dish. 

3.16. Next, place the rack inside an incubator and incubate for 15 minutes at 60 °C to dry the slides [1-MED-over the shoulder]. When completely dry, add one drop of mounting medium on each slide to cover the slice [2-CU]. 

3.16.1. Talent placing the rack inside the incubator and setting the timer for 15 minutes; show the incubator setting, if possible.

3.16.2. Talent adding mounting medium to the tissue section.

3.17. Then, carefully place a 24 x 50-millimeter coverslip over the tissue sections on each slide [1-CU]. After air drying the slides for 30 minutes at room temperature proceed with data collection [2-MED].   
3.17.1. Talent placing the coverslip over the tissue section.

3.17.2. Talent setting the slide aside; Film the timer, which is set for 30 minutes, beside the slides.  
4. Results: Use of RNA In Situ Hybridization Assay to Analyze Alternative Pre-mRNA Splicing in Mouse Brain Sections  
4.1. To calculate the percent spliced in or PSI value for exon 23a, the number of cells and dots in three sub-regions of cortex… and hippocampus CA3 are counted. [1-LM]
4.1.1. 57889_Guo_figure_4: Video editor: When the VO says: “in three sub-regions of cortex…” emphasize 3 red rectangles that represent cortex, and when they say “and hippocampus CA3” emphasize 3 red rectangles that represent CA3.
4.2. RNA In Situ Hybridization Assay is performed in brain sections of CD1 (Pronunciation: C-D-1) wild type mice using three different NF-1 (Pronunciation: N-F-1)-specific probes. Red punctate dots observed in the cortex and hippocampus sections indicate positive signals by NF-1 total, inclusion-specific, and skipping-specific probes [1-LM-TXT]. 
4.2.1. 57889_ Guo_figure_5: TEXT: NF-1 – Neurofibromatosis type 1 Video editor: Incorporate the label ‘Cortex’ and scale bar ‘40 μm’ in the upper panel (A to C). Incorporate the label ‘Hippocampus’ and scale bar ‘400 μm’ in the lower panel (D to F).  Emphasize A and D when VO says “positive signal by NF-1 total”. Emphasize B and E when VO says “inclusion-specific” and emphasize C and F when VO says “skipping-specific probes”.
4.3. The ISH signals from the three probes are then counted and used to calculate PSI [2-LM].     
4.3.1. 57889_Guo_table_3:  Video editor: When the VO says: “The ISH signals from the three probes are then counted” emphasize 2., 3. and 4. column, and when they say: “used to calculate PSI” emphasize the last column.
4.4. RNA In Situ Hybridization Assay is performed in the cortex of C57BL/6J (Pronunciation: C-57-B-L-6) wild type mice and C57BL/6J mutant mice in which exon 23a (Pronunciation: ex-on-23-a) is included in all cell types. Red punctate dots observed in the cortex of C57BL/6J wild type mice indicate positive signals by NF-1 total, inclusion-specific, and skipping-specific probes. [1-LM]
4.4.1. 57889_ Guo_figure_6_panels A to C: Video editor: Incorporate the label ‘C57BL/6J wild type’ and scale bar ‘40 μm’ in A to C. Emphasize A when VO says ‘positive signals by NF-1 total’, emphasize B when VO says ‘inclusion-specific’, and emphasize C when VO says ‘skipping-specific probes’.
4.5. In C57BL/6J mutant mice, similar signal are obtained by NF-1 total and inclusion-specific probes. However, no signal is detected when skipping-specific probe is used, indicating that two probes targeting exon inclusion or skipping are highly specific [1-LM].    
4.5.1. 57889_ Guo_figure_6: Video editor: Incorporate the label ‘C57BL/6J mutant’ and scale bar ‘40 μm’ in D to F. Emphasize D and E when VO says ‘similar signals are obtained by NF-1 total and inclusion-specific probes’. Emphasize F when VO says ‘no signal is detected when skipping-specific probe is used’.        
5. Conclusion (said by authors on camera)
5.1. Yiqing Zhao: Because multi-color labeling on the same tissue slice is not yet available for this procedure, different probes are used on different tissue slices. To obtain accurate percent spliced in values, it’s important to use the adjacently cut slices and treat these slices in the exact same way throughout the procedure.
5.2. Xuan Guo: Complementing this procedure, other methods like immunohistochemistry can be performed in order to answer additional questions regarding the localization and function of the differentially expressed splicing isoforms.

*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: If note previously done, please provide un-flattened, multilayered images and upload them to your manuscript link. 
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.

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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