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Questionnaire: 
A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)____ N 
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)__Y, Microscope screen captures. 
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.   2-4, ___3-1 (added in red), __3-10,  3-11,__4-2, 
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.  ___2-4, 3-10_ 
E.  Will the filming need to take place in multiple locations? (Y/N) ____N 
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 identify plasmodesmata localization signal in target proteins. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
Authors: Please enter the name of the person that will be speaking statements 1.1-1.4 in place of “Author Name TBD”.  If Cheng Yuan will speak one of these statements, then 1.5 is unnecessary as the purpose is to introduce the author’s on camera.   
1.1. Author Name TBD: This method can help answer key questions when studying plant intercellular connections by identifying critical sorting signals that direct proteins to the Plasmodesmata, which in turn facilitates the cell-to-cell transport of large molecules. 
1.2. Author Name TBD: The main advantage of this technique is that the procedure is reliable and it can be easily adapted for discovery of plasmodesmata localization signal sequences in most plasmodesmata-targeted proteins. 
C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)    
1.3. Author Name TBD: This method can also lead to the discovery of plasmodesmata localization signals in any other plasmodesmata-targeted protein, whether encoded by plant pathogens or by the plants themselves; this is because our method does not take advantage of any unique features of viral movement proteins with regards to their ability to target to plasmodesmata.
1.4. Author Name TBD: Visual demonstration of this method is critical as the plant infiltration and preparation for confocal observation steps are difficult to learn by typical print based publication.
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!) 
1.5. ** Vitaly Citovsky: Demonstrating the procedure will be Cheng Yuan, a post doc 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. 
Protocol (read by voice talent at JoVE): 
2. Plant Growth

2.1. Plant Nicotiana benthamiana (pronounced: bensa:mia:na) seeds in wet soil [1-MED] and at a high density.[2-CU]
2.1.1. Talent plants seeds in wet soil

2.1.2. Closeup of talent planting seeds at the suggested density.

2.2. While growing, keep them in a controlled environmental chamber at 20 to 25°C and under 16 hours of light per day which contains about 75 µmol of photons per meter squared, per second. [1-MED-TXT]
2.2.1. Talent places the seeds in the environmental chamber and turns it on as described. (TEXT: Temp: 20-25°C, Light: 16 hours/day)
2.3. After the diameter of the euphyll reaches half a centimeter, carefully transfer the seedlings to larger pots [1-CU] and continue their growth in the same chamber, under the same conditions.  [2-MED]
2.3.1. Talent transfers the plants when at the correct stage as described.

2.3.2. Talent places the plant into the growth chamber. Slated as 2.3.1
2.4. Maintain the plants until they grow to the 4 to 8 leaf stage within 4 weeks. [1-MED] At this point the largest leaves should be 4 to 6 cm in diameter. [2-CU]
2.4.1. Talent removes plant from the chamber.

2.4.2. Talent places ruler over the largest leaves of the plant.
3. Agroinfiltration
3.1. For easy identification and analysis, choose an expression system and fluorescently tag each expressed protein as described in the accompanying text protocol.  [1-MED]
3.1.1. Talent pipettes solution into microfuge tube as they would for the protein tagging procedure.

3.2. Prepare a pPZP-RCS2 (pronounced: “p-P-Z-P-R-C-S-2”) based plasmid as described [1-MED-TXT] and add 1 µg of it into a 100 µL culture of competent cells from Agrobacterium tumefaciens. [2-CU]
3.2.1. Talent opens tube of plasmid (TEXT:  Agrobacterium tumefaciens: Strain EHA105 or GV3101)
3.2.2. *Film as written
3.3. Incubate the cells on ice for 30 minutes. [1-CU] Then, flash-freeze the cells in liquid nitrogen for 1 minute. [2-CU]
3.3.1. Talent places cells on ice.

3.3.2. Talent transfers cells to liquid nitrogen.
3.4. Next, warm the cells at 28°C for 15 minutes and then add 1 mL of LB medium to the competent cell mixture. [1-MED Over the Shoulder]
3.4.1. Talent removes cells from 28°C and adds LB medium
3.5. After adding the LB medium, place the cells back at 28°C for 2 hours. [1-CU] Next, spin down the cells at 3,000 x g for 1 minute. [2-MED-TXT]
3.5.1. Talent places cells back at 28C

3.5.2. Talent places tubes in centrifuge and begins spin as described. (TEXT: 3,000 x g, 1 min.)
3.6. Re-suspend the cell pellet in 0.2 mL of LB medium, [1-ECU] and plate them on antibiotic selective LB agar plates.[2-CU]
3.6.1. *Film as written
3.6.2. *Film as written
3.7. Grow the cells on the plates at 28 °C for 48 hours until individual colonies are visible. [1-MED] Then, pick and plate several individual colonies onto fresh LB agar plates and grow the cells at 28°C for 48 hours.[2-CU]
3.7.1. Talent removes plates from incubator and holds them up to look at colonies.
3.7.2. Talent transfers several colonies to new plates.
3.8. Next, take a small amount of bacteria from each plate for analysis [1-CU] and use colony PCR to confirm the presence of the specific binary constructs of interest.[2-MED]
3.8.1. *Film as written

3.8.2. Talent enters commands into PCR machine.
3.9. Add each Agrobacterium colony with the construct of interest to 5 mL of LB medium supplemented with the appropriate antibiotics. [1-MED] Grow the cells overnight at 28°C.  [2-MED]
3.9.1. Talent picks a colony and adds it to 5 mL of LB.
3.9.2. Talent places tubes in an incubator.
3.10. Then, centrifuge the cells at 3,000 x g.[1-MED] Re-suspend the pellet to an O-D-600 of 0.5 in agroinfiltration buffer. [2-CU-TXT] 
3.10.1. Talent places cells in centrifuge.

3.10.2. Talent resuspends pellet. (TEXT: Agroinfiltration Buffer: 10 mM MgCl2, 10 mM MES (pH 5.6), 150 µM acetosyringone) 

3.11. Incubate the suspension for 2 hours at room temperature and then load the inoculum into a 1 mL plastic syringe.[1-CU]
3.11.1. Talent opens tube with inoculum and then loads it into a syringe.  
3.12. Holding a fully mature N. benthamiana leaf with a gloved finger on the adaxial face, press the nozzle of the syringe against the lower epidermis of the leaf.[1-CU]
3.12.1. *Film as written
3.13. Then, slowly introduce the Agrobacterium in infiltration medium by injecting the medium. [1-CU] Maintain the infiltrated plant until it is to be observed. [2-MED]
3.13.1. *Film as written

3.13.2. Talent places the plant back in the growth chamber. Not slated, numerous takes in the growth chamber
4. Confocal Microscopy

4.1. Use a blade to cut each leaf into fragments between the veins 24 to 48 hours after infiltration.[1-CU-TXT] 
4.1.1. *Film as written (TEXT: Size: < 22 mm x 40 mm) 

4.2. Place the leaf slices on the object slide with the abaxial leaf surface facing up.[1-CU]
4.2.1. *Film as written

4.3. Then, place a drop of water on the leaf slice and cover it with the cover glass. Immobilize the cover glass with small pieces of tape on each side.[1-CU]
4.3.1. *Film as written
4.4. Transfer a slide to under a laser scanning confocal microscope and use a 10x objective lens [1-MED Over the Shoulder] to identify cells with the best signal. Then, use a 63x objective lens to record images for more detailed observations. [2-SCREEN]
4.4.1. Talent places slide on a microscope and puts the 10x objective into place.

4.4.2. Screen capture video starting with a 10x image of a region of interest, talent switches to a 63x objective and refocuses the image. (Author: Please submit this screen capture video as 4.4.2_55301__Citovsky.mp4/.mov to your upload link.) 
4.5. In addition, use the appropriate fluorescence to excite the expressed fluorescent proteins. [1-SCREEN]
4.5.1. Talent turns on fluorescence and the region lights up. (Author: Please submit this screen capture video as 4.5.1_55301__Citovsky.mp4/.mov to your upload link.) Not filmed as described but takes using fluorescence were filmed, so use one of those
4.6. Retain all of the settings that are used for image acquisition in order to maintain consistency between experiments. On average, examine 100 to 120 cells for each experimental condition. [1-MED Over the Shoulder]
4.6.1. Talent works at computer/microscope, moving the slide and taking images of various regions.

4.7. Diagnose the localization of the tested proteins using the confocal microscope images. [1-SCREEN]
4.7.1. Talent loads images into ImageJ or other analysis program. (Author: Please submit this screen capture video as 4.7.1_55301__Citovsky.mp4/.mov to your upload link.)
5. Results: Identification of Plasmodesmal Localization Sequences in Proteins
5.1. These images illustrate the characteristic peripheral punctate plasmodesmata localization patterns observed for [1-LM] the full length TMV (pronounced: T-M-V) movement protein fused to the cargo molecule CFP [2-LM] and for the identified plasmodesmata localization signal fused to CFP as well as for [3-LM] the coexpressed plasmodesmata localization protein, PDCB1(pronounced: P-D-C-B-1), fused to dsRed (pronounced: D-S-Red). [4-LM]
5.1.1. Figure 1c (Video Editor: Add the text “Scale Bar = 10 µm” to the bottom right of the screen.  Add “CFP = Blue” and “DsRed2 = Purple” in a legend box somewhere on screen.. Leave the rest of the labels as is on the figures.)
5.1.2. Same as 5.1.1, but highlight the top left image.

5.1.3. Same as 5.1.1, but highlight the bottom left image.

5.1.4. Same as 5.1.1, but highlight the top middle column.

5.2. Under control conditions, the plasmodesmata targeting of the full length TMV movement protein fused to CFP and the localization signal in the TMV movement protein fused to CFP appears as shown here, with subcellular localization of CFP and nucleocytoplasmic localization of the marker DsRed2.[1-LM]  
5.2.1. Figure 2a (Video Editor: Add the text “Scale Bar = 10 µm” to the bottom right of the screen.  Add “CFP = Blue” and “DsRed2 = Purple” in a legend box somewhere on screen.. Leave the rest of the labels as is on the figures.  Highlight the left column with the words “subcellular localization of CFP” and the middle column with “nucleocytoplasmic localization of the marker DsRed2”.)

5.3. When the 4th amino acid, Valine, is mutated to an Alanine, plasmodesmata targeting by both the full length TMV movement protein and the identified localization signal in TMV movement protein is lost.  This indicates that this residue is important for the plasmodesmata localization signal structure or function.[1-LM]
5.3.1. Figure 2b (Video Editor: Add the text “Scale Bar = 10 µm” to the bottom right of the screen.  Add “CFP = Blue” and “DsRed2 = Purple” in a legend box somewhere on screen.. Leave the rest of the labels as is on the figures.) 
6. Conclusion (said by authors on camera) 
Authors: Please enter the name of the person that will be speaking each statement in place of “Author Name TBD”.  Please make sure to have it so that an author speaks no more than 2 statements.
6.1. Author Name TBD: Once mastered, this technique can be done in 50 hours if it is performed properly.

6.2. Author Name TBD: While attempting this procedure, it’s important to remember to have the plants in a healthy condition and plants that are at the right leaf-stage. 
6.3. Author Name TBD: After watching this video, you should have a good understanding of not only how to identify plasmodesmata localization signal, but also how to identify other sorting signals in plant proteins. 
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.

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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