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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy? N
2. Does your protocol demonstrate software usage? Y
3. Which steps from the protocol section below are the most important for viewers to see (you do not need to include steps that will be screen captured)? 
3.1.2., 3.4.1.
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
n/a
5. Will the filming need to take place in multiple locations (greater than walking distance)? N


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

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

0. [bookmark: _Hlk11254181]Kaori Kohzuma: The simultaneous measurement of leaf reflectance with chlorophyll fluorescence analysis using an already-known mutant plant model facilitates the establishment of new reflectance parameters [1].

0. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

0. [bookmark: _Hlk11254213]Kaori Kohzuma: The construction of new leaf reflectance parameters by our method allows real-time monitoring of changing plant behaviors under natural environment conditions [1].

1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera





Section - Protocol
1. Sample Stage, Photosynthetic Instrument, and Light Source Setup
0. [bookmark: _Hlk10231863]Before beginning an experiment, set up a measurement system as shown in the schematic [1], with a sample stage [2], light source [3], PAM (pam) fluorometer [4-TXT], and spectral radiometer [5].
0. LAB MEDIA: Figure 1
0. LAB MEDIA: Figure 1: JoVE Video Editor: please emphasize black sample stage in center of figure
0. LAB MEDIA: Figure 1: JoVE Video Editor: please emphasize Halogen lamp box and necks with yellow light
0. LAB MEDIA: Figure 1: JoVE Video Editor: please emphasize PAM box TEXT: PAM: pulse-amplitude modulation
0. LAB MEDIA: Figure 1: JoVE Video Editor: please emphasize spectral radiometer box
0. Next, attach a 10-centimeter-squared steel plate with a 1-centimeter diameter hole to the custom-made sample stage [1] and fit two, thin fiber probes tightly together [2].
1. WIDE: Talent attaching plate to stage
1. Talent fitting probes together
0. Wrap the probes with plastic tape [1] and use a holder to clip the taped probes onto the sample stage [2].
2. Probes being wrapped
2. Probe being clipped
0. Position the probes vertical to the sample stage [1] and attach a biforked light guide made of glass fibers to the halogen light source [2].
3. Probe being positioned 
3. Light guide being attached
0. Then irradiate the sample stage from both directions at approximately 45-degree angles [1], adjusting the light source so that light uniformly illuminates the sample stage without casting shadows [2].
4. Talent turning on irradiator over stage
4. [bookmark: _Hlk10026510]Light source being adjusted/stage being illuminated without shadows
1. Simultaneous Measurement Leaf Reflectance and Chlorophyll Fluorescence Analysis Setup
1. For simultaneous measurement leaf reflectance and chlorophyll fluorescence analysis setup, in a dark room [1] with green-cellophaned light [2], place a test plant at the leaf holder of the sample stage [2] and touch the leaf against the hole of the steel plate on the stage [3].
0.  WIDE: Talent entering dark room
0. Shot of a geen-cellophaned light   Author comment: There is a movie in somewhere. Probably at 5.2.2.
0. Talent placing plant on a lab jack/adjusting leaf position to holder Videographer: Important step
0. Leaf being pressed against plate
1. [bookmark: _Hlk5621230]After turning off the weak room light [1], turn on the PAM fluorometer [2] and irradiate the leaf sample with a measuring light [3-TXT].
1. Talent turning off a geen-cellophaned room light   Author comment: There is a movie in somewhere. Probably at 5.2.2. A videographer has filmed a normal room light. We would like to reject the procedure.
1. Talent turning on PAM
1. Leaf being irradiated TEXT: Chlorophyll fluorescence intensity values confirmed via PAM controlling software
1. Move the adjuster so that the fluorescence intensity measures approximately 100 [1] and measure the distance between the probe and the leaf [2].
2. Adjuster being moved
2. SCREEN: 59838_screenshot_PAM0: JoVE Video Editor: please emphasize Ft value 
1.  Fix the adjuster in place [1] and record the value of the distance on the adjuster [2].
3. Adjuster being fixed Videographer: Important step
3. Shot of distance value
1. Then turn off the measuring light and remove the test plant [1].
4. Shot of leaf without light, then leaf being removed Videographer: Can film light being turned off in separate shot as necessary
1. Actinic Light Irradiance Intensity Measurement
2. For actinic light intensity measurement, place a light quantum meter at the position where the sample leaf will be placed [1] and irradiate light from the halogen light source to measure the light source intensity [2].
0. WIDE: Talent placing meter
0. Irradiation being initiated
2. Determine which positions of the light source dial generate intensities of 30, 60, 120, 240, and 480 micromolar photons/meters-squared/second [1].
1. Dial being turned/shot of intensity readouts as possible
2. Place a white plate as a reflectance standard at the position of the leaf sample [1] and turn on a spectral radiometer [2]. 
2. Talent placing plate a leaf sample position
2.  Talent turning off room light/turning on radiometer
2. Adjust the spectral reflectance between 350-850 nanometers [1]. There are no spectral data at this time, as there is no irradiating light [2].
3. Talent adjusting detection strength
3. SCREEN: 59838_screenshot_FS1: JoVE Video Editor: please use Time 0:00 - 0:19
2. Turn on the halogen lamp to irradiate with 480 micromolar photons/meters-squared/second, the highest irradiance intensity in this test [1] and adjust the detection strength of the radiometer to avoid saturation [2].
4. Talent turning on lamp
4.  SCREEN: 59838_screenshot_FS1: 0:19 - 0:46
2. Then record the spectral reflectance under illumination with 30, 60, 120, 240, and 480 micromolar photons/meters-squared/second [1].
5. [bookmark: _Hlk5881288]Talent recording spectral reflectance
1. Simultaneous Measurement Leaf Reflectance and Chlorophyll Fluorescence  Analysis 
3. For simultaneous measurement of the leaf reflectance and chlorophyll fluorescence analysis, transfer the plant from growth chamber to dark room with the same temperature and humidity [1]. 
0. WIDE: Talent transfer plant from growth chamber to a dark box in dark room
3. After 1 hour, place an Arabidopsis plant at the leaf sample position [1-TXT] and fix the sample leaf to the leaf holder so that the leaf surface is perpendicular to the detection probes [2].
1. Talent taking plant out from dark box/ placing on the lab jack under the sample stage TEXE: Dark adapted plant 
1. Leaf being fixed to holder/ Turning off a green-cellophaned room light. Author comment: There is a movie in somewhere. Probably at 5.2.2.
3. Turn on the PAM fluorometer [1] and initiate the curve recording [2]. This value is called zero [3].
2. Talent turning on PAM
2. Talent initiating recording
2. SCREEN: 59838_screenshot_PAM1: 0:00 - 0:07
3. Turn on the measuring light [1] and wait approximately 30 seconds for the curve to respond. This value is called F-zero [2].
3. Talent turning on measuring light
3. SCREEN:59838_screenshot_PAM1: 0:07 - 0:24  
3. Deliver a saturated pulse of 4000 micromolar photons/meters-squared/second for 0.8 seconds from the PAM [1] and obtain the highest value of the spike in the curve with increased fluorescence intensity [2]. This value is called F-M [3].
4. Pulse being delivered
4. SCREEN: 59838_screenshot_PAM1: 0:24 - 0:32 
4. SCREEN: 59838_screenshot_PAM_ Calculation: JoVE Video Editor: please add F0 text to data line at beginning of plateau and FM text to peak of data line at first pulse (see PAM_Cal_1.jpg)
3. Then use the formula to calculate the maximum quantum yield of photosystem two in the dark [1-TXT].
5. SCREEN: 59838_screenshot_PAM_ Calculation (and see PAM_Cal1.jpg) TEXT: FV/FM = (FM – F0)/FM
3. To measure photosynthetic behaviors in the steady state, after recording F-M, irradiate the leaf sample with the 30 micromolar photons/meter-squared/second [1] [2] while turning on the spectral radiometer to monitor the leaf reflectance [3].
6. Talent irradiating leaf sample
6. SCREEN: 59838_screenshot_PAM1: 0:45 - 0:60 (see PAM_Cal1.jpg)   
6. Talent turning on radiometer
3. Wait at least 20 minutes for the photosynthetic reaction to reach a steady state [1]. During this reaction period, the saturation pulse will be supplied at 1 minute intervals. The fluorescence intensity of the steady state is called F-S [2].
7. Talent setting timer, with monitor visible in frame
7. SCREEN: 59838_screenshot_PAM2: 2:20 - 2:35  

3. The maximum fluorescence value achieved after 20 minutes of pulsed light is called F-M-prime [1]. Record the spectral reflectance at this point [2].
8. SCREEN: 59838_screenshot_PAM_ Calculation: JoVE Video Editor: please add Fs text to data line at steady-state of plateau and FM′ text to peak of data line at last pulse under actinic light (see PAM_Cal2)
8. SCREEN: 59838_screenshot_FS2
1. Photosynthetic Parameter Calculation
4. To calculate the photosynthesis activity at the steady state, calculate the quantum yields of photosystem two [1], which can be estimated by irradiating with saturated pulses under actinic light [2].
0. WIDE: Talent calculating yields, with monitor visible in frame
0.  SCREEN: 59838_screenshot_PAM_ Calculation (see PAM_Cal 2.jpg) TEXT: ΦPSII = (FM′- FS) / FM′ 
4. Estimate the linear electron flux from the photosystem two reaction center [1-TXT].
1. SCREEN: 59838_screenshot_PAM_ Calculation (see PAM_Cal 2.jpg) TEXT: LEF = Actinic light intensity ΦPSII  0.5  0.84 
4. Then calculate the non-photochemical quenching [1-TXT] and calculate the photochemical reflectance index from 531 and 570 nanometers [2-TXT].
2. SCREEN: 59838_screenshot_PAM_ Calculation (see PAM_Cal 2.jpg) TEXT: NPQ = (FM - FM′) / FM′ 
2. SCREEN: 59838_screenshot_PRI: JoVE Video Editor: please add 531 nm and 570 nm text to points (see PRI_Cal.jpg) TEXT: PRI = (R531–R570) / (R531+R570)
4. After acquiring F-S and the leaf reflectance, turn off the actinic light [1] and provide a saturating pulse at 1-minute intervals during the dark relaxation [2].
3. SCREEN: 59838_screenshot_PAM3: 2:29- 3:29
3. Shot of leaf being pulsed
4. The maximum fluorescence value induced by the saturation pulse under the dark is called F-M-double prime [1-TXT] and save the F-M-double prime data at 2 and 10 minutes after turning off the actinic light [2] [3].
4. SCREEN: 59838_screenshot_ PAM3 TEXT: Obtain 10 FM′′/test
4. SCREEN: 59838_screenshot_ PAM_ Calculation
4. Actinic light being turned off

4. To calculate the parameters of the non-photochemical quenching from the relaxation kinetics, estimate the qE (Q-E) with the 2-minute dark adaptation F-M-double prime data [1-TXT].
5. [bookmark: _Hlk5704479]SCREEN: 59838_screenshot_PAM_ Calculation: 0:45 - 0:57 JoVE Video Editor please add F M2m′′ text to peak of data line at second last after actinic light off (see PAM_Cal 3.jpg) TEXT: qE = (FM2m′′–FM′) / FM′ 
4. Calculate the zeaxanthin dependent quenching (qZ (Q-Z)) with the 10-minute dark adaptation F-M-double prime data [1-TXT].
6. SCREEN: 59838_screenshot_PAM_ Calculation: 0:45 - 0:57 JoVE Video Editor: please add F M10m′′ text to peak of data line at 10th last after actinic light off (please see PAM_Cal 3.jpg) TEXT: qZ = (FM10m′′–FM′) / FM′  
4. [bookmark: _GoBack]Then calculate the photoinhibitory state [1-TXT].
7. [bookmark: _Hlk5704955]SCREEN: 59838_screenshot_PAM_ Calculation 1:06 - 1:12 JoVE Video Editor: please seem PAM_Cal 4.jpg TEXT: qI = (FM–FM10m′′) / FM′  
4. As a next measurement, turn on the actinic light at 60 micromolar photons/meters-squared/second [1], and repeat same measurement [2].
8. Dial being adjusted to next intensity
8. Actinic light being turned onto on leaf


Section – Results
1. Results: Representative Changes in Photosynthetic Parameters in Wild-Type Columbia and npq1 Mutant Arabidopsis Plants

5. In this representative experiment, wild-type and mutant Arabidopsis plants were compared [1].

0. LAB MEDIA: Figure 2

5. The change in photochemical reflectance index-PRI (P-R-I) calculated from the leaf reflectance [1-TXT] was plotted against the light-dependent linear electron flow from photosystem two as estimated by the PAM fluorometer [2].

1. LAB MEDIA: Figure 2A: JoVE Video Editor please emphasize x-axis TEXT: PRI: photochemical reflectance index
1. LAB MEDIA: Figure 2A: JoVE Video Editor please emphasize y-axis 

5. [bookmark: _Hlk5709465]In this experiment, the change in the PRI was negatively correlated [1] with the linear electron flow in wild-type plants but not in mutant plants [2]. 

2. LAB MEDIA: Figure 2A: JoVE Video Editor please stretch arrow from top left to bottom right of black data points/emphasize negative correlation
2. LAB MEDIA: Figure 2A: JoVE Video Editor please emphasize red data points

5. qZ (Q-Z), which represents the xanthophyll cycle, was fractionated from the dark relaxation kinetics of non-photochemical quenching [1-TXT] and was also plotted against the change in the PRI [2].

3. LAB MEDIA: Figure 2B: JoVE Video Editor please emphasize x-axis TEXT: qZ: zeaxanthin-dependent quenching; qE: energy-dependent quenching fraction
3. LAB MEDIA: Figure 2B: JoVE Video Editor please emphasize y-axis 

5. In this analysis, the qZ was also strongly correlated with the change in PRI for both plant strains [1], implying that the PRI reflects the xanthophyll cycle [2].

4. LAB MEDIA: Figure 2B: JoVE Video Editor please emphasize correlation data line
4. LAB MEDIA: Figure 2B




Section - Conclusion
1. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
6. [bookmark: _Hlk11162122]Kaori Kohzuma: (Step: 2.2., 2.3.) For simultaneous measurement of the same leaf area using the same light source and light intensity, use a thin detection fiber and a fixing device to position the leaf vertically [1]. 
0. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
6. Kaori Kohzuma: Reflection spectroscopy has the potential to be used in the analysis of a variety of phenotypes in wild type and mutant plants to elucidate plant molecular mechanisms [1].
1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
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