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Authors, please fill out the brief questionnaire below.   

A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) ___No______ If yes, please list make and model of your microscope: ______________________________
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)__No____ 
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps__2.4, 2.9, 2.10, 4.1, 4.2 and 5.2.
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  4.1 and 4.2; we will inoculate series of gene silenced plants with different host and nonhost pathogens at different dates to ensure that the fluorescence can be video graphed on the specified date. Also, taking video in dark may be challenging.

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.  



Conceptual Narrative:
the overall goal here is to demonstrate the methodology using virus-induced gene silencing for identifying genes involved in nonhost resistance.(Intro)

To achieve VIGS of the endogenous plant target gene, inoculate Nicotiana benthamiana plants with Tobacco rattle virus VIGS construct carrying a fragment of the target gene. (LAB MEDIA: First two panels). Prepare and innoculate the nonhost pathogen cultures expressing green fluorescent protein on to the gene silenced plant leaves  (LAB MEDIA: third panel, highlight grey item).
Next assess the green fluorescent colonies of nonhost pathogen under UV light in the dark in order to identify gene silenced plants that compromise nonhost resistance. (LAB MEDIA: fourth and fifth panels).

Identify the target gene by sequencing the insert in virus vector (LAB MEDIA: show right column). Overall, this methodology of VIGS-mediated forward genetic screening allows researchers to easily identify genes involved in nonhost resistance of plants against bacterial pathogens in a short time period. (LAB MEDIA: Figure 4)
[image: ]

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. Please keep all layers in the file (i.e., do not flatten the file).   


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 use statement 1.8 to introduce these demonstrators (for example, the PI introduces students)

1.1. Senthil-Kumar: We realized the importance of combining VIGS-mediated forward genetics with GFPuv expressing pathogens to study nonhost resistance when we previously did a tedious large scale screen by scoring for hypersensitive response cell death or disease symptoms to dissect nonhost resistance.
1.2. **Author name Senthil-Kumar: My name is Senthil-Kumar Muthappa and I am a a post doc at Kiran Mysore’s Lab at the Noble Foundation. I will be demonstrating the protocol along with my co-worker Hee-Kyung Lee.  
1.2.1. Interview style: Author saying the above 
1.2.2. 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):

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. [bookmark: _GoBack]Plant growth and target gene silencing 
2.1. Sow N. benthamiana seeds on a soil-less potting mixture.  Germinate the seeds in a growth chamber. 
2.2.1 CU: Talent sows N. benthamiana seeds on a Metro-Mix 350 potting mixture.
2.2.2  MED/CU: Talent places the seeds in a growth chamber. 
2.2. Skip this.
2.3. After three weeks, transplant the seedlings into individual pots. Grow them in a greenhouse [Text over video: Senthil-Kumar and Mysore, 2011]  for at least two to three days before the  Tobacco rattle virus-VIGS vector inoculation.
2.3.1. MED/CU: Talent transplants the seedlings into individual pots.
2.3.2. MED/CU: Talent shows seedlings of two to three days old ready for  Tobacco rattle virus-VIGS vector inoculation.
2.4. Gradually thaw the frozen stocks of  Agrobacterium [Text over video: GV2260 strain] containing the cDNA clones in TRV2 vector.
2.4.1. MED.CU: Talent thaws a 96 well plate having different of  Agrobacterium containing the cDNA clones in TRV2 vector .

2.5. Under sterile conditions, inoculate  the individual Agrobacterium culture on to Luria-Bertani agar plate [Text over video: 10 µg/ml rifampicin, 50 µg/ml kanamycin]. Incubate the plates at 28 oC for up to two days.
2.5.1. ECU: Under sterile conditions, Talent inoculates, with a 96 pin replicator, the individual Agrobacterium culture on to Luria-Bertani agar plate 
2.5.2. MED/CU: Talent places the plates in a 28 oC incubator. 

2.6. Grow four replicate colonies for each clone so that adequate Agrobacterium inoculum is available for inoculation of two plants.
2.6.1. CU/ECU: Talent appraoches workbench with plates containing four replicate colonies for each clone – show proper labeling of clones . 

2.7. Inoculate TRV1 into Luria-Bertani liquid medium [Text over video: 10 µg/ml rifampicin, 50 µg/ml kanamycin]. Harvest the overnight grown cultures by centrifugation.  Re-suspend the bacteria in inoculation buffer [Text over video: 10 mM MES, pH 5.5; 200 µM acetosyringone], and incubate for 3 hours at room temperature on a shaker at 50 rpm. 
2.7.1. MED/CU: Talent Inoculate pre-grown TRV1 into  1 ml culture of Luria-Bertani liquid 
2.7.2. MED/CU: Talent shows the grownup large culture and then removes spun overnight grown cultures from centrifuge.
2.7.3. CU: Talent  re-suspends the bacteria in inoculation buffer 
2.7.4. MED: Talent places samples on a shaker at 50 rpm. 

2.8. After harvesting the cells by centrifugation, measure optical density [Text over video: OD600 ] and re-suspend the bacterial pellets in 5 mM MES buffer, pH 5.5. 
2.8.1. MED-over-the-shoulder: Talent  measures optical density 
2.8.2. CU: Talent  adjusting OD of bacterial pellets using 5 mM MES buffer (pH 5.5). 

2.9. Next, inoculate the TRV1 bacterial culture having OD600 of 0.3 into the abaxial side of 3 to 4 N. benthamiana leaves using a needleless syringe [Text over video: http://www.jove.com/video/1292]
2.9.1. ECU: Talent inoculates the TRV1 bacterial culture having OD600 of 0.3 into the abaxial side of 3 to 4 N. benthamiana leaves (show plant size) using a needleless syringe 	Comment by Senthil-Kumar Muthappa: We have first shown the plants and then inoculation. There should be two shots so the editor can pick best one. No change in order.

2.10. At the site of TRV1 inoculation, prick the leaves with inoculum of the respective TRV2 colonies using a toothpick.
2.10.1. ECU: At the site of TRV1 inoculation, Talent pricks the leaves with inoculum of the respective TRV2 colonies using a toothpick and changes glove and tooth pick for second clone. Take-2 shows prick inoculation in large number of plants	Comment by Senthil-Kumar Muthappa: We first showed tooth pick inoculation at ECU, but later showed overview of multiple inoculations, change of gloves etc to provide sense of large scale inoculation.
2.11. For two weeks, maintain the plants under low temperature  with adequate nutrition because vigorous growth is important for efficient gene-silencing by VIGS [Text over video: ~21 oC is critical]
2.11.1. MED: Talent places the plants at around 21 oC with adequate nutrition 	Comment by Senthil-Kumar Muthappa: We made changes to this step. This shot may be deleted or shortened during editing. 

3. Preparation of nonhost pathogen cultures and plant inoculation
3.1. As an example, Pseudomonas syringae pv. tomato T1 is used in this experiment. 
3.1.1. SECTION TITLE

3.2. Pathogens should carry a plasmid that can express GFPuv [Text over video: Wang et al., 2007 New Phytologist 174(1):212-23].
3.2.1. CU/ECU: Talent approaches bench with pathogens (show label indicating GFPuv.

3.3. Grow the P. syringae strains in King’s B liquid medium supplemented with 10 µg/ml rifampicin, 50 µg/ml kanamycin  at 28 oC for 12 hours. 
3.3.1. ECU: Talent inoculates P. syringae strains in King’s B liquid medium supplemented with 10 µg/ml rifampicin, 50 µg/ml kanamycin. 
3.3.2. Incubate in 280C shaker.

3.4. Harvest the bacterial cultures by centrifugation.  Then confirm the presence of green fluorescence using long wavelength UV lamp in dark.
3.4.1. MED: Talent removes harvested bacterial cultures by centrifugation.  	Comment by Senthil-Kumar Muthappa: Elaborate demo was done, can be edited to reflect continutity from previous steps. 
3.4.2. CU/ECU: Talent confirms the presence of green fluorescence using long wavelength UV lamp in dark (if posible show  bacteria without GFPuv plasmid does not glow green).	Comment by Senthil-Kumar Muthappa: We had taken couple of shots (I mean take-1 & take-2) 

3.5. After two washes in sterile water, re-suspend the cells at the desired concentration of sterile water and adjust OD600. Then inoculate the respective pathogens on to the abaxial side of target gene silenced leaves [Text over video: 5th to 8th leaf from bottom of plant] in circles of about 1.5 cm diameter. 
3.5.1. ECU: Talent re-suspends the cells in sterile water.
3.5.2. ECU:Talent inoculates a pathogen on to the abaxial side of target gene silenced leaves in circle of about 1.5 cm diameter. 	Comment by Senthil-Kumar Muthappa: Before this step gene silenced plants were shown in a shot. Both closeup of one silenced plant and several different gene silenced plants as long shot were taken.

3.6. If required, simultaneously test several nonhost pathogens for their growth in the target gene silenced plants. Also include a vector control [Text over video: Agrobacterium carrying TRV::00] for viewing in planta bacterial growth.
3.6.1. MED/CU: Talent inoculate other nonhost pathogens in the target gene silenced plants. 	Comment by Senthil-Kumar Muthappa: Multiple inoculations were shown. We took few shots and the best can be selected. No change in order.
3.6.2. CU/ECU: Talent inoculates vector control plants .

4. Observation of in planta growth of bacterial pathogens
4.1. Skipped
4.2. Between 2 and 5 days, expose the inoculated leaves to a long wavelength UV light, in the dark. Be sure to wear skin and eye protection.
4.2.1. WIDE/MED: Show closing of shades in green house in background if possible, while Talent exposes the inoculated leaves to a long wavelength UV light (get shot of skin and eye protection).

4.3. Monitor the bacterial colonies as green fluorescent spots in the abaxial side of the leaf in the background of red fluorescence emitted by leaf surface. Verify the green fluorescence emitted by the host pathogen that acts as positive control. 

4.3.1. ECU/CU: Talent indicates the bacterial colonies as green fluorescent spots in the abaxial side of the leaf in the background of red fluorescence emitted by leaf surface. 
4.3.2. ECU: Talent verifies the green fluorescence emitted by the host pathogen that acts as positive control. 

4.4. Observe pathogen growth daily from 2 to 5 days post inoculation. Make a list of the clones whose silencing resulted in growth of one or more nonhost pathogens.. 
4.4.1. (Slated 4.4.2?) ECU: Talent shows lab notebookk with list of the clones whose silencing resulted in growth of one or more nonhost pathogen(s).

4.5. To remove the false positives from the first screen, repeat the VIGS for selected clones and again test the response of gene silenced plants to nonhost pathogens [Text over video: Rojas et al., 2012, The Plant Cell (13), 437-447].
4.5.1. Use 2.9.1.

5. Sequencing the insert and identification of target gene
5.1. Use colony PCR on the selected clone to amplify insert using the  attB1 and attB2 primers in the TRV2 vector  or primers flanking the cloning site.
5.1.1. ECU: On a sterile bench,Talent sets up a  colony PCR on the selected clone 
5.1.2. Talent seals the plate.
5.1.3. Talent places samples in the PCR machine.

5.2. Run the PCR product on an agarose gel and verify amplification of the single band 
5.2.1. MED/CU: Talent loads the PCR product on the gel.
5.2.2. SCREEN: Talent verifies amplification of the single band on gel.

5.3. Then sequence the plant gene insert in the TRV2 vector using either the attB primers or primers flanking the cloning site.
5.3.1. SCREEN: Talent shows the sequence of plant gene insert in the TRV2 vector 
.

5.4. Perform BLAST using the sequence and identify the gene details. 
5.4.1. SCREEN: Talent enters sequence the plant gene insert into BLAST and indicates gene ID.


6. Results: Gene-silenced N. benthamiana plants compromised for nonhost resistance
6.1. A generalized protocol for silencing large number of genes using Tobacco rattle virus based VIGS in Nicotiana benthamiana is shown in this flow chart. 
6.1.1. LAB MEDIA: Figure 1.

6.2. Some of the gene silenced plants showed various phenotypic alterations including stunted growth, yellowing and photo-bleaching phenotypes.
6.2.1. LAB MEDIA: Figure 2.

6.3. These data show green fluorescence of pathogen exposed to UV light in the dark, before plant inoculation and their growth in plants three days after inoculation. The same leaf exposed under white light is shown as control [Text over video: Host pathogen, Pseudomonas syringae pv. tabaci, is inoculated on wild-type Nicotiana benthamiana leaf].
6.3.1. LAB MEDIA: Figure 3 A, B and C left half.
6.3.2. LAB MEDIA: 2.3.1. and add 3C right half.

6.4. This experiment tracks the growth of GFPuv expressing bacteria in planta. Three nonhost pathogens were used to demonstrate the process of identification of the gene-silenced plants susceptible to nonhost pathogens [Text over video: Pseudomonas syringae pv. tomato T1, P. syringae pv. glycinea and Xanthomonas campestris pv. vesicatoria].
6.4.1. LAB MEDIA: Figure 3 D .

6.5. In the wild-type non-silenced N. benthamiana plants with immunity, these pathogens did not grow. However, at least two nonhost pathogens grew on NbSGT1 gene silenced leaves. 
6.5.1. LAB MEDIA: 3D left panel – place arrow showing P. syringae pv. tabaci, grows on wild-type plant as shown by green fluorescence
6.5.2. LAB MEDIA: Figure 3D right panel – arrows to lower two rings.

6.6. Quantitative data on bacterial growth demonstrates the process of identifying gene silenced plants compromised for nonhost resistance [Text over video: P. syringae pv. tomato T1 growth is shown]. 
6.6.1. LAB MEDIA: Figure 3E

6.7. Using this VIGS-mediated forward genetics approach, we have silenced about 5,000 genes in Nicotiana benthamiana and identified plants compromising nonhost resistance over a period of about 1.5 years. 
6.7.1. LAB MEDIA: Figure 4

6.8. As an example, nonhost pathogen growth in two gene silenced plants identified from this screen in shown here [Text over video: see fluorescence emitted by P. syringae pv. tomato T1 growth in the gene silenced plants, 43D4 and 94C1]. 
6.8.1. LAB MEDIA: Figure 5. 


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


2. 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.

2.1. Senthil-Kumar: We hope to have converyed how to perform VIGS for hundreds of genes, and assess the silenced plants for their response to various phyto-pathogens by viewing their growth in the plants.
2.2. Senthil-Kumar: With this VIGS approach,  plants can be independently silenced for about 100 different genes in about 2 to 3 weeks. Then the pathogen assays on these plants can be completed in about 2 hours each day spanning around 2 to 5 days.


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.  

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, as well as an introduction to your videographer, closer to your filming date.
 2011, Journal of Visualized Experiments
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