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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
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_
3.1, 3.5, 3.6, 4.1, 5.6, 5.7
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  The most difficult aspect of this procedure is identifying a panicle at the correct stage of development and trimming the panicle. A panicle with 1-5 flowers that have bloomed is ideal for trimming. The tip of the panicle (distal end) and all the flowers in the proximal middle and base sections are removed. To ensure successful cross pollination, all flowers that have bloomed and all immature flowers on the panicle should also be removed. This removal will minimize seeds resulting from self-pollination. Approximately 20- 30 flowers that are evenly spaced on the trimmed panicle will confer uniform heat dispersal to ensure complete emasculation. Retaining the bristles in the region that will be pollinated will protect florets from excessive heat damage. On each spikelet, the upper most mature floret will be at the best maturity to undergo cross pollination as the upper most floret has a higher probability of anthesis on the day of pollination.


1. Introduction (Schematic Overview and Interview)

A. Schematic Overview (read by voice talent at JoVE): 

Procedural Narrative:
The overall goal of this procedure is to demonstrate how to perform crosses for Setaria viridis, a new model system for the grasses. (Intro)

This is accomplished by first selecting, trimming, and labeling the panicle. (P1:Begin showing top left image centered on the screen, then add the arrow and show the top center image with the word “trimming” on the right with the first image now on the left. Add the red dots on the top center image with the word “labeling”.)

The second step is to emasculate the trimmed panicle by dipping it into a 48º C water bath. (P2: Shift the images so the top center image is on the left of the screen, then add the top right image to the right. )

Next, the trimmed panicle is used as a female for pollination by a panicle that is shedding pollen. (P3: Clear the screen and show the top center image again.  Then add the orange “stigmatic surface” to each “flower” as shown on the bottom left.   Then float in pollen (yellow dots) and have them stick to each orange stigmatic surface. )

The final step is harvesting seeds two weeks after the cross pollination. (P4:Have the yellow pollen disappear and the flower develop into a seed as shown on the bottom right image.)

Ultimately, GUS staining of the putative hybrid seeds is used to show the effectiveness of the technique. (P5: Figure 2F. Add the “+” and “-“ labels one at a time from left to right, show the control symbols the entire time.)
[image: ]

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. Hui Jiang: The main advantage of this technique over existing methods, like physical emasculation, is that it is less invasive and relatively easy to establish in a lab.   
1.2. Tom Brutnell: This method will help to accelerate the adoption of Setaria viridis as a genetic model by making it easier to perform crosses.  


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. Growth of S. viridis
2.1. To begin, remove one cell for watering and then fill a tray with 4 x 9 cells with Metro Mix 360. 
2.1.2.  (move before 2.1.1.) CU: Talent removes a single cell for watering
2.1.1. MED Talent opens the metro mix and fills 1-2 trays with dirt.
2.1.2. CU: Talent removes a single cell for watering.
2.2. Next, lightly mist the cells and sow seeds on the surface of the soil, one seed per cell. 
2.2.1. MED: Talent mists the cells.
2.2.2. CU: Talent places one seed in each cell.
2.3. Then, cover the seeds with a layer of soil 0.5 cm thick. Mist the surface of the soil to dampen them and then water flats from the bottom. Keep watering the cells from the bottom 1-2 times per day after seed sowing, taking care not to over water.
2.3.1. CU: Talent covers the seeds with 0.5 cm of soil.
2.3.2. MED: Talent mists the cells and then waters the flats from the bottom.
2.4. Set the growth chamber conditions to 31 °C during the day and 22 °C at night with a pre-dawn treatment of 15 °C from 8:30 am to 9:00 am. Also, maintain a 12 hr light/dark schedule and set the relative humidity to 50%. Under these conditions, Setaria viridis A10.1 will flower 21-22 days from seed sowing
2.4.1. Talent adjusts the growth chamber conditions.
2.4.2. LABMEDIA: Figure 1 (Video Editor: Show the top half (blue part) of figure 1 only. Highlight the temperatures and time points as they are mentioned.)
2.5. Next, set the relative humidity to 50%. Under these conditions, Setaria viridis A10.1 will flower 21-22 days from seed sowing.
2.5.1. MED Over the Shoulder: Talent sets the humidity.
3. Trimming and Labeling of panicle before emasculation  
3.1. Ideally, select the primary panicles on each plant that has 1-5 flowers in bloom.  Then, cut off the tip of the panicle, and remove all the flowers in the lower section of proximal middle and base sections using fine forceps.
3.1.1. CU: Talent displays a panicle with 1-5 flowers in bloom. 
3.1.2. CU: talent cuts off the tip of the panicle and removes the flowers in the lower section of proximal middle and base sections using fine forceps. 
3.2. If a panicle only has 1/10 to 1/5 of flowers in bloom, in order to retain the lower section of distal middle and upper section of proximal middle for further trimming, cut off the tip and trim the flowers from the base of the panicle.
3.2.1. CU: Talent shows example of panicle with 1/10 to 1/5 of flowers in bloom.
3.2.3. (moves before 3.2.2) CU: Talent points to the lower section of distal middle and then the upper section of proximal middle
3.2.2. CU: Talent cuts off the tip and trims flowers from the base of the panicle.
3.2.3. CU: Talent points to the lower section of distal middle and then the upper section of proximal middle.
3.3. If a panicle has 1/4 to 1/2 of flowers in bloom, retain the proximal middle section for further trimming and cut off the distal middle section. 
3.3.1. CU: Talent shows example of panicle with 1/4 to 1/2 of flowers in bloom.
3.3.2. CU: Talent points to the proximal middle section and cuts off the distal middle section.
3.4. Once the panicles have been cut, use surgical scissors to lightly trim the bristles.  Take care to retain the bristles in the region that will be pollinated in order to protect florets from possible heat damage. For each spikelet, retain the upper most mature floret. The upper most floret will have a higher probability of anthesis at the time of pollination. Then, remove all flowers that have bloomed and all immature flowers leaving approximately 20 to 30 flowers per panicle that are evenly distributed.
3.4.1. LABMEDIA: Figure 3 (Video Editor: show the “Panicle before Trimming” with an arrow to “Panicle after trimming”. Highlight the “Bristle” label when mentioned.)
3.4.2. MED: Talent trims the flowers.
3.5.2. CU: Talent points to the upper floret for pollination and cuts small flowers (move 3.5.2 above 3.4.3.)
3.4.3. CU: Talent trims the flowers and displays the final trimmed panicle. (not clear if 3.5.1 was filmed, but if so, it can be shown in addition to, or instead of, 3.4.3)
3.5. Take care to retain the bristles in the region that will be pollinated in order to protect florets from possible heat damage. For each spikelet, retain the upper most mature floret. The upper most floret will have a higher probability of anthesis at the time of pollination 
3.5.1. CU: Talent displays a properly prepared sample. (Not sure of this step, it seems it is the same step of 3.4.3)
3.5.2. CU: Talent points to the upper floret for pollination and cuts small flowers. Move step 3.5.2 (points the upmost flower and cuts small flowers) above step 3.4.3 (trims the flowers)
3.6. Next, mark one side of each flower with a red permanent marker and record the number of florets on the panicle. Flag the panicle with the following information: the date of emasculation, the duration and the temperature at which the emasculation is performed.
3.6.1. CU: Talent marks the florets with a red dot.
3.6.2. MED: Talent writes down the details and attaches it to the panicle.
3.7. Once the panicle is trimmed, remove all tillers of each plant to ensure reallocation of more resources to the development of the main panicle.
3.7.1. MED: Talent trims the remaining tillers.
4. Emasculation with warm water-dipping  
4.1. One hour before emasculation, set a water bath to 48 °C for the heat treatment.  Once preheated, gently bend the trimmed panicles and dip 3 to 4 at a time in warm water for 3 to 6 minutes. Use caution not to break the stem of the panicle. 
4.1.1. MED: Talent sets the temp on the water bath to 48C.
4.1.2. MED: Talent dips the panicles into the warmed water. (TEXT:  3-6 min @ 48 °C)
4.2. The flag leaf, which subtends the panicle, should not come into contact with warm water.  This is to prevent heat damage to leaf tissue. 
4.2.1. MED: While dipping the panicle in the water, talent points out the panicle. (Video Editor: Author’s Note: “This step should have been pointing out the flag leaf instead of the panicle. However, it was filmed as it was mentioned here.” To work around this, can you show a freeze frame w/o the talent pointing at anything, and add labels and arrows pointing to the “Flag leaf” and the “Panicle.” See figure 3, upper right image, for where to point.)
4.3. Once emasculation is performed for the desired duration, remove panicles from the water bath and gently shake off the water from the panicle.
4.3.1. MED: Talent removes the panicles from the water bath and gently shake off the water.
4.4. Then, fully cover the emasculated panicle with a customized micro-perforated bread bag and secure it with a twist-tie. Micro-perforated bread bags can be customized according to the size of the panicle.
4.4.1. CU: Talent covers the emasiculated panicle.
4.4.2. MED: Talent secures the bag in place with a twist tie.
4.5. Finally, place the plants back in the growth chamber until the following day.
4.5.1. MED: Talent transfers the plant into the growth chamber.
5. Crossing/pollination after emasculation and seed harvesting.
5.1. At 9:00 am on day 2 and day 3, move emasculated female and non-emasculated male parents from the growth chamber to the lab to perform crosses.  
5.1.1. MED: Talent transfers two plants from the growth chamber. (TEXT: Lab @ 24.06 °C ± 0.13 °C, Humidity @ 21.79 %±1.15 %) 
5.2. Observe and add another red dot to the flowers that have bloomed or are blooming using a red permanent marker. Record the total number of bloomed flowers per panicle.
5.2.1. MED: Talent adds dots to the blooming flowers.
5.2.2. CU: Talent writes down total.
5.3. Then, record the date of pollination and the name of the male parent on the tag to keep track of what crosses have been performed. 
5.3.1. MED: Talent finishes writing the information onto a tag and places the tag onto the plant.
5.4. Observe the peak time of anthesis in male parents. Under our lab conditions, flowers on the panicles of the male parent to begin synchronous opening around 10:10 am. Once open the complete exertion of anthers and release of pollen will occur after 20 min.
5.4.1. MED: Talent looks closely at the panicles of the plant.
5.4.2. CU: Timelapse of flowers opening. (it was not possible for the camera to show the peak time due to the limited resolution  of camera).
5.4.3. LABMEDIA Fig 2E (show the blooming panicle of the male parents)
5.5. Start pollination immediately when yellowish white anthers are visible on flowers of the male parent. Pollinations are performed on day 2 and day 3 by using panicle-to-panicle pollination or anther-to-stigma pollination.
Move step 5.5.2 above step 5.5.1.
5.5.2. MED: Talent brings plant into the lab. 
5.5.1. CU: Talent points out the yellowish white anthers.
5.5.2. MED: Talent brings plant into the lab. (Video Editor: Show for the beginning of the 2nd sentence.) Move step 5.5.2 (brings plants into the lab) above step 5.2.1 (adding dots)
5.5.3. Reuse shots from 5.6 and 5.7: VIDEO EDITOR: show a split screen (left and right) with the labels “Panicle-to-Panicle” on the bottom left and “Anther-to-Stigma” on the bottom right. Then, show a still from 5.6 and 5.7 depicting the different pollination methods.
5.6. Using one detached panicle as the male, gently rub the panicle together with the emasculated panicle to facilitate pollination and discard the male panicle to avoid contamination. Repeat the pollination process until each emasculated panicle has been pollinated by 2-3 panicles. 
5.6.1. CU: Talent rubs a detached panicle together with the emasculated panicle to facilitate pollination. (TEXT: Panicle-to-Panicle Pollination)
5.6.2. MED: Talent discards the panicle used to pollinate and repeats the process with another panicle. (TEXT: Panicle-to-Panicle Pollination)
5.7. Using forceps pick a flower that is blooming with yellowish white anthers or pick anthers and physically touch the stigma of the flower on the female parent. Use one flower from the male parent to pollinate one flower on the emasculated panicle. 
5.7.1. CU: Talent picks an appropriate flower and directly touches the stigma of the flower on the female parent. (TEXT: Anther-to-stigma pollination)
5.7.2. MED: Talent picks another flower from the male parent and pollinates the same flower on the female plant. (TEXT: Anther-to-stigma pollination)
5.8. Between the pollinations of different male parents, dip the forceps in 95 % ethanol followed by wiping with Kimwipes to avoid contamination due to carry-over of pollen between different crosses.
5.8.1. MED: Talent cleans the forceps with ethanol.
5.9. Once the pollination has been performed, cover the panicle of the female parent with a customized micro-perforated bread bag and secure it at the base using a twist-tie after pollination until seed harvesting.
5.9.1. MED: Talent covers the female parent with a bag.
5.9.2. CU: Talent secures it into place with a twist-tie.
5.10. Harvest seeds 14-16 days after the day of pollination and place the tag in the same envelope as the seeds. Seeds with red markings on both sides represent the seeds that resulted from the controlled genetic cross. 
5.10.1. CU: Talent harvests bagged panicle.
5.10.2. MED: Talent inspects the seeds and places them into a envelope.
5.10.3. CU: Talent displays a seed with two red markings on it.
5.11. Discard any seeds without red markings as they represent the seeds that result from newly developed flowers after emasculation. Seeds with red markings only on one side will likely represent the seeds resulting from self-pollination.
5.11.1. CU: Talent displays a seed with no red markings on it, and discards the seed.
5.11.2. CU: Talent displays a seed with 1 red marking on it and places it into the envelope.
5.12. Finally, dry seeds at 30 °C for 2 days. Store dried seeds in the lab or ideally in a seed chamber. When ready for further analysis, remove the seed coat as necessary.
5.12.1. MED: Show seeds in a seed drier. (TEXT: T @ 24.06 °C ± 0.13 °C, RH @ 21.79 %± 1.15 %)
5.12.2. MED: Talent places the seeds into a seed chamber (TEXT T @ 4.0 °C ± 1.0 °C, RH @ 20 % ± 1 %).
5.12.3. Use 6.2.2: Remove the seed coat.
6. [bookmark: _GoBack]Results: Determination of successfully outcrossed progeny
6.1. The methods described in this video were the results of numerous trials using different temperatures and treatment times to optimize the emasculation process.  The success of this process was measured by the number of hybrid seeds that were obtained.
6.1.1. LABMEDIA: Table 1 (Video Editor: Highlight the left column with the mention of “temperatures”, the second column with the mention of “time” and the red portion of the table with the word “success” through the end of the statement.)
6.2. Six seeds from one of the test crossings where the male parent carried a reporter gene encoding for beta-glucuronidase are shown here. The reporter gene causes the seed to turn blue when stained making the number of hybrid seeds easy to count.
6.2.2 Added shot:  Remove the seed coat.
6.2.1. LABMEDIA: Figure 2F (Video Editor: Number the tubes 1-6.  Add the “-“ and “+” signs underneath tubes 1-6 from left to right when the words “hybrid seeds easy to count”.  The “-“ and “+” signs under the control tubes should be labeled at all times.

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


7. 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.

7.1. Hui Jiang: Once mastered, as many as 15 panicles can be crossed per day if the procedure is performed properly.
7.2. Tom Brutnell: After watching this video, you should have a good understanding of how to perform crosses with Setaria viridis (restate overall goal of the procedure mention specific steps).




 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.

2.4 -Image 1_JoVE_growth chamber condition_03012013

3.1 -Image 2_JoVE_sections of a panicle_03012013

5.11 -Image 3_JoVE_summary of the crossing procedure_03012013

6.2.1 -Image 4_JoVE_GUS staining results_03012013


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.
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