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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) (If you can record images/videos using your own camera/software, then mark No) If yes, please list make and model of your microscope:
N We don’t need any microscopy, however we would need a camera that has enough zoom (macro mode?) to see Arabidopsis seedlings on plates when we are manipulating them (Arabidopsis seedlings are objects 1 cm long and 1 mm thick). For information, observing these seedlings can be done with a regular DSLR camera. 
B.   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.) 
For the Arabidopsis LRIS:
· Step 2.3 (and ideally, 2.1, 2.2, and 2.3)

· Step 3.3 (and consequently 3.4)

· Step 3.6
For the Maize LRIS:
· Step 4.6 (and consequently 4.7 and 4.8)

· Step 5.3 (and consequently 5.4, and 5.5)

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.)
For the Arabidopsis LRIS:
Step 3.4 (and 3.3): To ensure a homogenous induction of the lateral root initiation in all seedlings, it is critical to (3.3) discard seedlings that have not been growing in direct contact with the mesh on NPA supplemented medium, and to (3.4) properly skim the mesh over the NAA supplemented medium, ensuring again a good contact of the seedlings with the growth medium.

For the Maize LRIS:

Step 5.2: To ensure a homogenous induction of the lateral root initiation in all seedlings, it is important to check that the paper gets and remains moisturized with the different solutions, but that roots are not reaching the liquid itself.

E.  Will the filming need to take place in multiple locations? (Y/N) If yes, how far apart are the locations?

Y The filming will take place in one building, mostly in the main laboratory room and in the room containing the laminar flow benches. Also, very short sequences could be taken when placing the plates in the cold room and later in the growth chambers. All the locations are in the same building, on the ground, first and second floor, not more than 50 meters away from each other.

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 technique is to synchronously induce the initiation of lateral roots in plants using hormone treatments.

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)   
1.1. Tom Beeckman: Introduction to the method.
1.2. 1.2 was fused with the previous : (scene was called 1.1 & 1.2)

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)   
1.3. Hanne Crombez: Generally, experimenters new to this method might struggle because plants haven’t been properly growing in good contact with the medium, preventing a homogenous induction of the lateral roots.
1.4. Nick Vangheluwe: Visual demonstration of this method will help showing the critical steps that should be taken in account to ensure a homogenous induction.
1.5. Ianto Roberts: Though this method was initially developed in the model plant Arabidopsis, it can also be applied to other systems, such as maize, barley or rice.   

D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!) 
Protocol (read by voice talent at JoVE):  
2. Sowing Arabidopsis Seeds
2.1. To begin, apply a 20 micron nylon mesh [2.1.1 - MED] to NPA (Pronounce "N-P-A” by separately saying the letters) supplemented growth medium using a pair of sterile tweezers. [2.1.2 - CU - TXT]
2.1.1. Talent adds mesh to plate. 

2.1.2. [combined with 2.1.1] Talent adjusts the mesh on the plate using tweezers. (TEXT: Prepare N-1-naphthylphthalamic acid supplemented growth medium as described in the accompanying text protocol)

2.2. Gently push the mesh into the growth medium using a drigalsky to make sure it is in good contact with the medium.[2.2.1 - CU - TXT] 

2.2.1.  *Film as written (TEXT: Caution: Maintain Sterile Conditions!)

2.3. Next, pinch a sterile toothpick into the agar to create a sticky surface on the toothpick.  [2.3.1 - CU] Use the toothpick to evenly distribute a batch of gas sterilized seeds onto the prepared plates. [2.3.2 - CU - TXT]
2.3.1. *Film as written

2.3.2. [combined with 2.3.1] *Film as written (TEXT: See accompanying text protocol for chlorine gas sterilization technique)

2.4. Seal the plates with breathable adhesive tape [3.1.1 - CU] and store them at 4 °C in the dark for at least 2 days and a maximum of one week. [3.1.2 - MED] This is needed for stratification and ensures synchronized and efficient germination. [3.1.3 - MED] 
2.4.1. *Film as written

2.4.2. Talent walks over to cold room / fridge and opens door

2.4.3. [combined with 2.4.2] Different angle showing the talent setting the plate into the cold storage and then leaving.

2.5. On the 3rd day, move the plates to the growth room for 2 days of germination followed by 3 days of growth [3.2.1 - MED - TXT] at an angle of 80 to 90 ° to ensure root growth on, and not into, the medium.[3.2.2 - CU]
2.5.1. *Film as written (TEXT: Continuous light (110 μE m–2 s–1), 21 °C)
2.5.2. Talent adjusts the angle of the plates.

3. Lateral Root Induction in Arabidopsis
3.1. On day 8, identify the roots that have grown entirely in contact with the mesh, and on the contrary, roots that are not in contact with the mesh.  [3.3.1 - CU] Remove all seedlings which roots are not in contact with the mesh. [3.3.2 - CU]
3.1.1. Talent points to the “good” and “bad” samples.
3.1.2. *Film as written
3.2. Transfer the seed containing meshes to plates supplemented with 10 μM NAA. (Pronounce "N-A-A” by separately saying the letters) [3.4.1 - MED/CU - TXT] Once on the plate, skim the mesh over the medium surface if necessary to make sure that it is in good contact with the growth medium. [3.4.2 - CU]
3.2.1. *Film as written (TEXT: NAA: 1-naphthalene acetic acid) 
3.2.2. [combined with 3.2.1] *Film as written
3.3. Hanne Crombez: “To ensure a homogenous induction in all seedlings, it is critical to discard seedlings that have not been growing in direct contact with the mesh on NPA supplemented medium, and to properly skim the mesh over the NAA supplemented medium.” [3.5.1 - INT]
3.3.1. Interview Style: Author saying the above statement.
3.4. Seal the new plates with breathable tape [3.6.1 - CU] and place them in the growth room [3.6.2 - MED] in a vertical position for the desired amount of time after induction. [3.6.3 - CU]
3.4.1. *Film as written
3.4.2. *Film as written

3.4.3. [combined with 3.4.2] Talent adjusts the plate so it’s in the correct position.
3.5. When ready to collect the samples, use a scalpel to cut the root segments all at once, directly on the mesh, [3.7.1 - CU] and sample them by gently scraping the surface of the mesh. [3.7.2 - CU]
3.5.1. *Film as written

3.5.2. *Film as written
4. Sowing Maize Kernels
4.1. Begin by sterilizing the maize kernels by first placing the necessary number of kernels into a sterile glass beaker. [4.1.1 - MED/CU] Then, add 100 mL of 6% sodium hypochlorite in water to the beaker and add a magnetic stir bar. [4.1.2 - CU]
4.1.1. Talent places kernels into a beaker.  
4.1.2. [combined with 4.1.1] *Film as written
4.2. Place the beaker on a magnetic stirrer and stir at a low speed for 5 minutes at room temperature. [4.2.1 - MED - TXT] Two takes: one with “stirrer” and one with “stir plate”
4.2.1. Talent places beaker on stir plate and turns it on. (TEXT: Stir @ 250 rpm, RT)
4.3. Next, replace the solution with 100 mL of fresh sterile water. [4.3.1 - MED/CU]  Rinse the kernels in sterile water for 5 minutes.  [4.3.2 - CU - TXT] 
4.3.1. Talent pours off solution into appropriate waste container and adds 100 mL of water. 

4.3.2. Talent pours off the water and rinses an additional time. (TEXT: Rinse 5x)

4.4. Put on a pair of gloves and tear off two stretches of hand paper towels, placing them on top of each other on a clean surface. [4.4.1 - MED/CU - TXT] 
4.4.1. *Film as written (TEXT: 92 cm x 24 cm)

4.5. Then, fold the sheets double over the length. [4.5.1 - CU]
4.5.1. [combined with 4.4.1] *Film as written

4.6. Use tweezers to distribute 10 kernels, approximately 2 cm from the top, over the entire length of the paper while keeping an interspace distance of 8 cm between each kernel and 8 cm free at both ends. [4.6.1 - CU]
4.6.1. *Film as written

4.7. Make sure the radicle of the kernel is facing down and toward the paper. [4.7.1 - CU] Gently roll the paper over the length, while keeping the seeds in place. Spraying the paper with sterile water can facilitate this step if necessary. [4.7.2 - MED]
4.7.1. *Film as written

4.7.2. [4.7.2 to 4.8.2 combined] *Film as written

4.8. Put the rolls into sterilized glass tubes [4.8.1 - CU] and combine additional tubes into a rack. [4.8.2 - MED]
4.8.1. *Film as written  (TEXT: 6 cm diameter and 14 cm height)
4.8.2. *Film as written

5. Lateral Root Inducible System in Maize 

5.1. Pour 125 mL of a 50 μM NPA solution over the paper roll in the tube. The paper roll will absorb the solution and become completely soaked. [5.1.1 - CU]
5.1.1. Talent pours solution over the paper roll in the tube.

5.2. Place the paper roll system in a growth cabinet for three days.  [5.2.1 - MED - TXT] Make sure that the paper rolls remain soaked during incubation by adding extra NPA solution when needed. [5.2.2 - MED]
5.2.1. *Film as written (TEXT: Continuous light (110 μE m–2 s–1), 27 °C, 70% RH) 5.2.1 was filmed separately from 5.2.2, but called 5.2.1 + 5.2.2.
5.2.2. Talent opens growth cabinet and adds extra NPA to the tubes.
5.3. Ianto Roberts: “To ensure a homogenous induction of the lateral root initiation in all seedlings, it is important to check that the paper remains moisturized with NPA solution but that roots are not growing in the liquid itself.” [5.3.1 - INT]
5.3.1. Interview Style: Author saying the above statement.

5.3.2. This is how the seedlings should look like on day 4, after three days on NPA, with a small shoot and a primary root of approximately 3 cm. They are shorter than roots that would have been grown in water. Note that if you placed the maize kernel upside down, the root grows upward and is useless for further lateral root induction. [5.3.2].
5.4. On day 4, gently squeeze out most of the remaining NPA solution from the paper rolls and place the rolls in sterile water until they become saturated.[5.4.1 - MED]
5.4.1. Talent squeezes the liquid from one of the rolls, places it in water, and repeats with the next roll.

5.5. After about 5 minutes, gently squeeze out most of the water from the paper rolls.  Repeat the wash step 3 times.[5.5.1 - MED]
5.5.1. *Film as written 

5.6. Following the final rinse, squeeze out most of the water and place it back into the tube. [5.6.1 - CU] Pour a 50 μM solution of NAA over the paper rolls in the tubes until they become completely soaked.[5.6.2 - MED]
5.6.1. *Film as written

5.6.2. [combined with 5.6.1] *Film as written
5.7. Then, place the paper roll system in the growth cabinet for the desired duration after induction. [5.7.1 - MED - TXT]
5.7.1. *Film as written (TEXT: Continuous light (110 μE m–2 s–1), 27 °C, 70% RH)
6. Results: Gene Expression Profiles During Lateral Root Initiation in Arabidopsis and Maize 
6.1. In comparison to auxin response marker line pDR5::GUS (pronounced:“p”-“D”-“R”-“5”-“Gus”) seedlings that haven’t grown on NAA or have grown for 1 hour on NAA, the seedlings grown for 2 hours on NAA show an auxin response, which is one of the first events triggering lateral root initiation. These divisions start moving up from the tip starting at around 2 hours and increase with prolonged exposure to NAA. [6.1.1 - LM]
6.1.1. 53481_Script_Result.6.1.mp4 (Video Editor: Time it so each sample shows up at the appropriate time -  “NAA 0h” with the words “haven’t grown on NAA”, the “1h” image with the words “have grown for 1h on NAA”, the “2h” image with the words “seedlings grown for 2h on NAA”. Show the arrow being added with the words “at around 2 hours” and then show the zoom in on the root. 

6.2. Using the cell cycle marker line pCYCB1;1::GUS (pronounced: “p”-“Cyclin”-“B”-“1”-“1”-“Gus”) the first cell divisions that lead to lateral root formation can be seen starting at around 6 hours after the start of NAA treatment. [6.2.1 - LM]
6.2.1. 53481_Script_Result.6.1.mp4 (Video Editor: Show the video and time it so the red arrows pop up with the words “6 hours after”, then continue to show the zoom.

6.3. Microarrays and quantitative RT-PCR can be used to evaluate expression of various genes throughout the different regions of the Arabidopsis and maize roots during lateral root induction. [6.3.1 - LM]
6.3.1. Figure 4a and 5 (Video Editor: Highlight 4a with the word “microarrays” and figure 5 with “quantitative RT-PCR”.)

6.4. In both Arabidopsis and Maize, when the plants grow for a longer time, the induced divisions will give rise to the development and outgrowth of lateral roots. [6.4.1 - LM]
6.4.1. 53481_Script_Results_6.4.pdf 6.4.1_Results.pdf (Video Editor: Rotate the image as necessary to fit on screen.  (before any rotation) Label the left images “Arabidopsis” and the right images “Maize”)

6.5. As a proof of concept for the system on maize, here are seedlings grown under different conditions for comparison [6.4.2 - CU].

6.6. Seedlings grown for 10 days on water have lateral roots that didn’t initiate synchronously and are widely spaced along the axis [6.4.3 - ECU].
6.7. Seedlings grown for 10 days on NPA contain no lateral roots at all [6.4.4 - ECU].
6.8. Seedlings grown for 3 days on NPA followed by an NAA treatment show a massive and synchronized induction of lateral roots [6.4.5 - ECU].
7. Conclusion (said by authors on camera) 
Tom Beeckman: Conclusion.
Provided Media

“6.4.1_Results.pdf” file prepared for the scene 6.4.1

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.

( 2013, Journal of Visualized Experiments


