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Author Questionnaire:

1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? N  

2. Does your protocol include software usage? Y
If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps.

3. Which steps from the protocol section below are the most important for viewers to see? Please list 4-6 individual steps using the step numbers listed in this document. This information is important to prepare your Videographer for your shoot. (You do not need to include steps that will be screen captured. Please do not list entire sections.)
2.4, 2.5, 2.10, 3.1, 3.3

4. 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．To make sure the appropriate touch force which will not lead to the wounding, and all the treated plants can be touched. In a pre-run experiment, only one cup of plants was measured for the force level using an electronic scale. In the real experiment, 24 cups of plants in a tray were employed and all of the treated plants should be touched without the presence of electronic scale.

5. Will the filming need to take place in multiple locations? Y
If yes, how far apart are the locations? 
[bookmark: OLE_LINK1]All video filming will be done in the main academic building of HKUST. It takes around 5 min to go to different floors. One place is in lab area on 6th floor and the other place is in plant growth room on 7th floor;

Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee.

Authors, these headshots will be used for the JoVE Dedicated Author Webpage. Here is one example if you wish to take a look.

1. REQUIRED Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.


1.1. [bookmark: OLE_LINK5][bookmark: OLE_LINK6]Prof. Ning LI: We build up an automatic touch-force loading machine to observe the plant thigmomorphogenesis. Robotic arms are installed with human hair brushes, which can apply gentle touch-force on plants [1].
1.1.1. INTERVIEW


1.2. [bookmark: OLE_LINK7][bookmark: OLE_LINK8]Prof. Ning LI: In comparison with human being’s force loading, such as finger touch, this automatic human hair force-loading touch machine can offer more labor-saving and uniformed average touch-force loading. The time required for a one round of touch-force loading can be restricted within several minutes as compared to previous several hours of man-controlled finger touch and cotton swab touch. The robotic machine can largely improve the plant mechano-response research field by increasing the efficiency of force-loading touch and the population of treated plants. We anticipate that the automatic touch-force machine will be applied in various high-throughput touch-force signaling mutant screening screens and mechano-response studies in both plants and animals [1].
1.2.1. INTERVIEW



Introduction of Demonstrator: (Said by you on camera)

1.3. Prof. Ning LI: Demonstrating the procedure will be Mr. Kai Wang, a graduate student from my laboratory [1] [2].
1.3.1. Interview style: Author saying the above 
1.3.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.



Section - Protocol
2. Seed Preparation and Plant Growth
2.1. [bookmark: OLE_LINK18][bookmark: OLE_LINK19][bookmark: OLE_LINK17][bookmark: OLE_LINK34]To begin, test germination rate of each genotype after nurturing seeds on 0.8% agar plate with MS medium for 7 days [1]. According to the germination rate, prepare seeds 4–5 times more than the desired number of plants to be produced [2].
2.1.1. CU: A shot on an agar plate to show germinated and un-germinated seeds. Then, talent records the germination rate.
2.1.2. MED: Talent prepares seeds on a white paper.
2.2. Immerse seeds in cold water in 1.5 milliliter plastic tubes and cover with aluminum foil to keep in dark [1]. Store at 4 degrees Celsius for seed imbibition [2].
2.2.1. MED: Talent immerses seeds, and covers with foil.
2.2.2. MED: Talent places the container into a refrigerator.
2.3. 5–7 days after the imbibition, select the appropriate soil for plant growth, avoid large clumps and use a fork to mix them homogenously [1]. Prepare 24 207-milliliter plastic cups with the upper rim diameter of 7.4 centimeters [2]. Drill three round holes at the bottom of the cups for irrigation purpose [3].
2.3.1. MED: Talent mixes soil.
2.3.2. MED: Shot of the 24 cups.
2.3.3. CU: Talent drills three holes at the bottom of a cup.
2.4. Fill these plastic cups with the mixed soil. Let the soil piling up to around 1 centimeter higher than the cup rim [1] and use a ruler to flatten the surface of piled soil softly [2]. Transfer 24 cups into a plastic tray [3-TXT].
2.4.1. MED: Talent fills cups with soil to around 1 cm higher than cup rim.
2.4.2. CU: Talent flattens the surface of soil.
2.4.3. WIDE: Talent places cups into a tray. TEXT: tray dimension: 21 in. x 10.8 in. x 2.5 in.
2.5. Set the light intensity of the growth chamber [1] between 180 and 240 microeinsteins per second per square meter, which is higher than the photosynthetic active radiation, for fast growth of the plants [2]. Set the light condition to be 24 hours constant [3].
2.5.1. WIDE: Talent approaches to adjust settings of the growth chamber (separate into two sections, a and b to show the controller and light changes, respectively)
2.5.1 a: WIDE: Talent adjusts settings of light controllers.
2.5.1 b: WIDE: Talent light changes from off to on.
2.5.2. MED: Talent adjusts light and shows the radiometer showing light intensity between 180-240. (separate into two sections, a and b to show the light sensor and reading on the machine, respectively)
2.5.2 a: WIDE: Talent measures the light intensity, focus on plants and the light sensor.
2.5.2 b: CU: Talent the reading of the light intensity shown on the machine.
2.5.3. CU: Talent adjusts settings of the duration of light condition.
2.6. Set the temperature of the growth chamber at 23.5 ± 1.5 degrees Celsius, and humidity between 35 and 45% [1].
2.6.1. CU: Talent adjusts settings of the temperature and humidity.
2.7. Add 2.5 liters of water into each tray [1]. Let the soil absorb the water from holes located at the bottoms of cups and wait for the surface of the soil to drop to the cup rim level [2].
2.7.1. WIDE: Talent adds water into trays.
2.7.2. MED: Shot of the surface of the soil dropping to cup rim level. (separate into two sections, a and b to show the soil height before and after water absorbing, respectively)
2.7.2 a: MED: Shot of the surface of the soil higher than the cup rim.
2.7.2 b: MED: Shot of the surface of the soil same as the cup rim after several hours of water absorbing.
2.8. Two hours later, sow 3–4 seeds [1] into a single spot, and 4 evenly distributed spots within a cup [2]. Place a transparent plastic cover above each tray, and let seeds germinate for a week [3].
2.8.1. MED: Talent takes the container out of the refrigerator.
2.8.2. CU: Talent places seeds into a cup at 4 spots.
2.8.3. WIDE: Talent places plastic cover above each tray.
2.9. Then remove the cover and allow seedlings to grow for another week [1-TXT]. Irrigate plants with 1.5 liters of water every other day after the seeds germinate [2].
2.9.1. WIDE: Talent removes plastic cover from each tray. TEXT: 7 days after sowing
2.10. 9–10 days after seed sowing, remove extra shoots by thinning [1-TXT]. Use a tiny scissor to cut the shoot and avoid pulling the entire plant out of the soil directly [2]. Keep 3 - 4 plant individuals of similar size in each cup [3]. 
2.10.1. MED: Talent removes one shoot. TEXT: 9-10 days after sowing
2.10.2. CU: Talent holds the tiny scissor to cut the shoot. Close up of the scissor and the shoot.
2.10.3. MED: Shot of the cups having 3-4 plants each (Sometimes 3 uniformed plants can get in one cup. We tried both 3 and 4 plants in one cup can work for this experiment).
3. Touch-Force Loading Machine Setting
3.1. To install touch hair brushes onto the robotic arms, first use glue to fix one layer of human hair evenly onto a 330-millimeter-long steel ruler [1-TXT]. The length of the hair is 126 millimeters [2]. With two metal clamps, attach those steel rulers onto the robotic arms [3].
3.1.1. MED: Talent fixes hair to one ruler. TEXT: 3,600–4,600 hairs/brush
3.1.2. MED: Shot of the hair.
3.1.3. MED: Talent clamps rulers onto robotic arms.
3.2. In the control panel, set the height of machine arms along the vertical dimension by pressing Jog F plus to raise and Jog R minus to lower the robotic arms and brushes [1]. Keep the tip of hair brushes 0.5 centimeters lower than the cup rim [2].
3.2.1. CU: Talent sets the height of machines arms in the control panel. Close up of the control panel. Videographer: Take multiple shots, as this will be used later.
      3.2.1.b/ 3.8.3 (?) MED: Talent shows the movement of the machine up and down in a vertical direction.
3.2.2. CU: Close up of the hair tip 0.5 cm lower than the cup rim.
3.3. Press the Inc. F+/Inc. R- (pronounce as Inc F plus or R minus) to pre-run the machine 1–2 cycles [1] to make sure all plant individuals are being touched [2]. Before the official experiment, use an electronic scale to measure the touch force [3]. Adjust the height of machine arms to maintain the [4] touch force between 1–2 millinewtons [5].
3.3.1. CU: Talent presses Inc. F plus or Inc. R minus set in the control panel.
3.3.2. MED: Shot of the plants being touched.
3.3.3. MED: Talent uses a scale to measure touch force. With view of the force value. (Spent too much time on this section. The scale used was not sensitive enough. Make up by WANG Kai later, changed a sensitive scale)
3.3.4. Use 3.2.1
3.3.5. CU: Shot of the force value between 1-2 mN, with only one cup of plants together with an electronic scale. (Height adjusted here is only 0.1-5 mm and hard to reflect on the video. Because the height of the touch machine has been adjusted at step “3.2” )
3.4. [bookmark: OLE_LINK31]Next, set the starting position of machine arms along the horizontal dimension manually. Allow the hair brushes to hang at the edge of each tray [1]. Press Jog F plus or Jog R minus to move the machine arm horizontally [2] little by little to make sure that no plant is being touched before the touching experiment starts [3]. 
3.4.1. WIDE: Talent adjusts machine arms position to make hair brushes hang at the edge of each tray.
3.4.2. CU: Talent presses buttons in the Control panel to move brushes horizontally. 
3.4.3. MED: Shot of the hair moving little by little to not touch plants.
3.5. Set the hair brush traveling distance in the horizontal dimension to 365 millimeters by pressing the Travel button [1]. Press Inc. F+/Inc. R- (pronounce as Inc F plus or R minus) to move the machine arms to obtain a full travel distance and ensure that all of the treated plants are being touched [2].
3.5.1. CU: Talent presses travel button in the control panel.
3.5.2. CU: Talent presses Inc. F+/Inc. R-
3.6. Then, press the Auto Speed button to set the movement speed along the X axis of the machine arms at 5,000 millimeters per minute. Press the Minor Cycle button to set the touch time at 20 trials equaling 40 touches per round [1].
3.6.1. CU: Talent presses auto speed button and minor cycle button in the control panel to set movement speed and touch time.
3.7. Set the repetition interval of the touch-round at 480 minutes per day by pressing the Major Period button, which allows hair brushes to touch plants for 3 rounds a day, with an interval time of 8 hours [1]. The machine will start a new round of touch automatically when the countdown turns to 0 [2]. 
3.7.1. CU: Talent presses major period button to set interval time, and points to blue numbers.
3.7.2. CU: Talent points to red numbers.
3.8. Set the Major Cycle at 12 trials to allow the machine to touch plants for 12 rounds within a period of 4 days. Press the start button [1] to initiate the pre-set program [2-TXT]. Adjust and calibrate the brushes and hair tips to the same height every day during the entire touching period [3].
3.8.1. CU: Talent sets up major cycles, and presses Start button.
3.8.2. WIDE: Shot of the brushes start moving with 24 cups of plants in a tray. TEXT: 14 days after sowing
3.8.3. WIDE: Talent approaches to adjust height and the movement of machine arms vertically at the control panel.
4. Physiological Data Collection and Analysis
4.1. [bookmark: OLE_LINK46][bookmark: OLE_LINK4]To track the bolting day of each plant within a touching experiment, observe the first inflorescence stem of each plant every day [1]. Measure the length, and record the duration of growth when it reaches 1 centimeter, meaning it has transitioned from the vegetative phase to the reproductive phase [2-TXT].
4.1.1. PHOTO: WIDE: Talent approaches the plant and observe.
4.1.2. PHOTOCU: Talent measures the length of the stem, and writes down the date. TEXT: Bolting of wild type plants normally initiates at 19-23 days after sowing. (No plants bolting on the day of shooting, I will send some photos to you)
4.2. To measure Rosette Radius, take photos of the whole tray from the top [1]. Use an image processing software to measure the distance from the rosette center to the tip of the longest leaf, with the cup rim as a ruler [2].
4.2.1. MED: Talent takes photos of the tray from the top.
4.2.2. SCREEN: Talent measures the distance from rosette center to the tip of leaf.
4.3. To measure Rosette Area, first remove the inflorescence without affecting the rest of rosette organs [1]. Take photos from the top of each plant together with a scale ruler placed nearby [2]. In the image processing software, measure the horizontal 2-dimensional surface area of the rosette leaves [3]. 
4.3.1. CU: Talent removes the flower.
4.3.2. MED: Talent take photos of one plant with flower removed. Have a ruler placed nearby.
4.3.3. SCREEN: Talent measures surface area of leaves.




Section – Results
5. Results: Bolting and Morphological Changes
5.1. [bookmark: OLE_LINK47][bookmark: OLE_LINK48]In this experiment, cotton swab manual touch treatment was compared with machine-driven hair touch treatment on wild type control Col-0 (pronounce as Columbia zero) plants [1]. Bolting delayed 1.7 days after a continuous cotton swab touch treatment [2].
5.1.1. Figure 3
5.1.2. Figure 3 – Video editor: emphasize Figure 3A, and emphasize red box and red line.
5.2. Similarly, for the automatic machine-driven hair touch, delayed bolting was observed [1]. The univariate Cox hazards analysis shows the bolting risk of plants in the touched group is 31% and 52% compared with plants in the control group, respectively [2].
5.2.1. Figure 3 – Video editor: emphasize Figure 3B, and emphasize red box and red line.
5.2.2. Figure 3 – Video editor: emphasize Figure 3C, and emphasize the part of univariate Cox hazards analysis. 
5.3. However, this bolting delay was not observed on T-DNA insertional mutants, mkk1 (pronounce as em keɪ keɪ one) and mkk2 (pronounce as em keɪ keɪ two) [1]. The univariate Cox proportional-hazards model shows only wild type Col-0 exhibited a significant difference between control and touched plants with an estimated HR of 0.41 [2].
5.3.1. Figure 4 – Video editor: emphasize Figure 4B&C
5.3.2. Figure 4 – Video editor: emphasize Figure 4D, and emphasize the Col-0 row.
5.4. For morphological changes, the wild type Col-0 plant showed significantly smaller rosette radius and shorter leaf length after 3 days of constant and repetitive automatic machine-driven hair touch [1]. The projected rosette area was changed from 20 to 16 square centimeters after 13 days of touch [2].
5.4.1. Figure 5 – Video editor: emphasize Figure 5A, and emphasize the radius for the touch in the table (1.50+-0.04).
5.4.2. Figure 5 – Video editor: emphasize Figure 5B, and emphasize the area for the touch in the table (16.19+-0.48).




Section - Conclusion
6. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.

6.1. Prof. Ning LI: To make sure that this touch-force loading will not lead to the wounding, appropriate touch force needs to be set carefully [1].
6.1.1. Use 3.3.3
6.1.2. INTERVIEW
6.2. Prof. Ning LI: A set of proper growth conditions are needed to produce suitable Arabidopsis plants for touch response assay, for example, 24 hours light intensity between 180 and 240 μE m-2 s-1 is needed to observe the thigmomorphogenesis [1] [2].
6.2.1. Use 2.5.2
6.2.2. INTERVIEW
6.3. Prof. Ning LI: To extend to other forms of mechanical-force loading forms, this machine can also be modified with water sprinkling nozzles, or wind blowers to mimic rain or wind effect, respectively, in the future [1].
6.3.1. INTERVIEW
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