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Protocol status: Working
We use this protocol and it's working

Created: May 22, 2024
Last Modified: June 07, 2024
Protocol Integer ID: 100223

Keywords: chlorophyll fluorescence on fluorcam, relaxation in leaf disc, using chlorophyll fluorescence, fluorescence
measurement, fluorescence, causing photodamage, leaf disc, minutes of npq relaxation, relaxation analysis by cf, minutes
during high light, relaxation analysis, fluorcam, minutes of low light, saturating pulse, npq relaxation, chlorophyll, minutes of
high light, relaxation analysis by cf imager fluorcam fc800, cf imager fluorcam fc800

Abstract

For assessment of Non-Photochemical Quenching (NPQ) relaxation in leaf discs using chlorophyll fluorescence
on FluorCam FC800-331 and FluorCam 7 Software under 10 minutes of low light (50 umolm™2s™) to activate
rubisco, 15 minutes of high light (1600 umolm™2s™) to activate NPQ without causing photodamage, and 45 minutes
of NPQ relaxation under low light (50 umolm™s™). Fluorescence measurements using saturating pulses are taken

every 2.5 minutes during high light and for the first two time points after return to low light and every 5 minutes
thereafter.

Guidelines

Protocol can be followed for general guidance on loading files and performing analysis on PSI FluorCam FC800-
331

Be aware PSI Closed Fluorcams are configured to customer specifications and can contain different actinic light
sources. The provided Fluorcam method protocol is written for the IGB GEGC Fluorcam FC800-331 and assumes
that ACT1is configured with a red light source and ACT?2 is configured with a white light source. The Fluorcam
determines light intensity as a percent of maximum. The PAR values given in this protocol were determined
empirically using a LI-250 PAR meter and assume a 96 well plate is being analyzed on the third shelf from the top.

This protocol has successfully been used on soybean, tobacco, and cowpea. For plant species with highly
responsive NPQ such as C4s, the timing of the saturating measurement pulses may need to be altered to get
smooth relaxation curves for proper curve fitting.

If modifications are made to the Fluorcam method protocol provided, be aware the maximum run time on a
Fluorcam FC800-331 with FluorCam 7 software is ~ 75 minutes.

Specific Fluorcam method protocol provided is a modification from the CF Technologica protocol as described in
De Souza AP, Burgess SJ, Doran L, Hansen J, Manukyan L, Maryn N, Gotarkar D, Leonelli L, Niyogi KK, Long SP.
Soybean photosynthesis and crop yield are improved by accelerating recovery from photoprotection. Science.
2022 Aug 19;377(6608):851-854. doi: 10.1126/science.adc9831. Epub 2022 Aug 18. PMID: 35981033.
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Materials

= Fluorcam FC800-331 configured with ACT1 as red light and ACT2 as white light
= FluorCam 7 software

Troubleshooting

Before start

Prepare samples as described in "Sampling_leaf tissue for analysis of NPQ Relaxation using Technologica
Chlorophyll Fluorescence Imager Data. V.2".

If it is the start of an experiment set, different plant or tissue type, modifications have been made to the
instrument, or modifications have been made to the protocol, prepare an additional sample plate to be dark
adapted. This additional plate will be used to set the initial camera settings. Typically, once the hardware and
software settings are adjusted, similar samples can be analyzed across different experiments or days using the
same settings and additional plates will not need to be prepared each day. For focusing and zooming the camera,
the size calibration standard can be used.

Read Photon Systems Instruments Closed Fluorcam Manual for detailed instrument setup and operation
instructions. For quick start instructions, reference the PSI Quick Start Guide.

Reserve instrument using the Google Calendar. Access to the equipment reservation calendars can be requested
through the IGB GEGC lab manager.
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Setting up the CF Imager

1 Turn on the black power supply box. The switch is on when the - symbol is depressed
and the O symbol is lifted.

2 Turn on the Fluorcam CF Imager using the power button in the top left. The button will
illuminate red when it is on.
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PLEASE RESERVE oN
GOOGLE CALENDAR
BEFORE USE

EQUIPMENT NAME:
1316 P3| FLUORcAM

3 Open the software "Fluorcam?7" by double clicking on the app or on the leaf icon.

4 The black power supply and the white Fluorcam Instrument must both be on and fully
booted for the software to recognize the Fluorcam cameras. If a black home screen
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appears when the software is open, the instrument is properly connected. If a yellow
static screen appears, close the software, ensure both power buttons are on, wait a few
minutes, and reopen the software.

Camera Successfully Connected Camera Not Recognized.

5 If camera has already been focused, desired plate masks have been made, and the
camera shutter and sensitivity settings have previously been prepared for this
experiment, hardware configuration, and plant and tissue type, skip sections "Camera
Focus- Performed Once at Start of Experiment", "Optional: Size Calibration (Necessary
for Object Size Reporting and Using Predefined Plate Maps)", and Adjusting Camera
Shutter and Sensitivity Settings - Performed Once at Start of Experiment and go straight
to section "Analysis".

Camera Focus- Performed Once at Start of Experiment

6 Place the size calibration standard sheet in the middle of the shelf for focus adjustments.
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6.1 If the size calibration standard that comes with the instrument is not available, a pink
fluorescent post it note can be measured and cut to exactly 20 mm by 20 mm and taped
to a piece of paper. Add text to the paper to provide a focal point for focusing the
camera.

7 Turn on the white actinic light by selecting the checkbox next to "Act 2". Adjust the
intensity of the Act 2 light source by using the slider bar or changing the percent
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intensity in the box below the slider bar until the text on the size calibration standard is
visible.

8 Change the color scale to black and white by right clicking on the color bar to the right of
the live field of view and selecting "black_white".

protocols.io | https://dx.doi.org/10.17504/protocols.io.eq2lyw7mmvx9/vi June 6, 2024 8/40



https://www.protocols.io/
https://www.protocols.io/
https://dx.doi.org/10.17504/protocols.io.eq2lyw7mmvx9/v1

€3} protocols.io Partof SPRINGERNATURE

9 Set the zoom to 100% using the + and - signs in magnifying glasses at the top left of the
control panel. The percent zoom is reported in the bottom left corner under the live field
of view.

10 The focus needs to be manually adjusted on the camera inside the Fluorcam. The
camera is located inside the Fluorcam box in the center of the LED light panels on the top
of the box. Loosen the bottom of the two set screws by turning the screw counter
clockwise to allow adjustment of the focus.
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11 Watching the live field of view screen, slowly and gently twist the bottom portion of the
camera until the lettering on the size calibration standard is clear.
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12 Fix the focus in place by tightening the bottom of the two set screws by turning
clockwise until finger tight.
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Note

For the third shelf, the focus should be set to ~0.3 on the camera lens.
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13

Once the focus is set, do not adjust it again for the remainder of the experiment. The
level of absolute fluorescence signal could change when the focus of the camera is
changed.

Optional: Size Calibration (Necessary for Object Size Reporting and Using
Predefined Plate Maps)

14

15

16

If the size in millimeters of the objects measured is desired, then the size calibration must
be done before each analysis. If the size calibration is being used to create a pre-
processing mask (for example for a 96 well plate), it must be done before the analysis
when the mask is created. Once the pre-processing mask is created, as long as the
objects measured are the same size and distance from the camera, a size calibration is
not needed before every analysis to use the mask.

Ensure all lights are manually turned off by unchecking boxes near Flashes, Act1, Super,
and Act 2 in the upper right corner.

ook S v G E F O W
| PreProcessng | Ress |

From the top toolbar, select "Setup". From the drop down menu, double click on "Size
Calibration™.
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17 A command box with instructions to insert calibration plate will appear. Insert the size
calibration standard and center the fluorescent square in the field of view. Then click
"OK" in the command box.

protocols.io | https://dx.doi.org/10.17504/protocols.io.eq2lyw7mmvx9/vi June 6, 2024 14/40



https://www.protocols.io/
https://www.protocols.io/
https://dx.doi.org/10.17504/protocols.io.eq2lyw7mmvx9/v1

€3} protocols.io Partof SPRINGERNATURE

e

i TR0 540

Vermon: 02020

| here to search

18 A second command box will appear showing the number of pixels measured. Enter the
size of the Size Calibration Standard. This is the area of the shape measured. If a 20
mm by 20 mm size calibration standard was used, enter 400 into the mm2 box.
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o
Number OF Pixdes

See cabbration Plate in mm2
W e,

protocols.io | https://dx.doi.org/10.17504/protocols.io.eq2lyw7mmvx9/vi June 6, 2024 16/40



https://www.protocols.io/
https://www.protocols.io/
https://dx.doi.org/10.17504/protocols.io.eq2lyw7mmvx9/v1

€3} protocols.io Partof SPRINGERNATURE

19 After completion of your analysis, the "Results" tab, "Numeric" results will now show

sizes of identified objects in mm? instead of pixels.

Before Size Calibration After Size Calibration

Zoom 100% amv‘:ﬂ‘ 512 | Zoom 100% [Resolution: | fx 560 [
G Numen st i
aph i | N | Histogram | Notepad | i b Histogram | Netepad |
s
7

see [poeks)
il ]

260923203 14
29122139 10
Z5asiats |

2 [ 5whnionaa s

Adjusting Camera Shutter and Sensitivity Settings - Performed Once at Start of
Experiment

20 The shutter and sensitivity settings need to be optimized once at the start of the
experiment and then should not be changed again for consistent fluorescent readings
across all sample analysis runs. The shutter and sensitivity settings may need to be
adjusted if plant species, tissue type, distance from camera, plant health, or plant growth
conditions change affecting the baseline emission of chlorophyll fluorescence.

The goal is to adjust the shutter and sensitivity settings high enough that the camera
reliably measures fluorescence at all desired timepoints under all desired conditions
while avoiding pixel overload that could cause inaccurate readings and minimize the
amount of additional non-treatment actinic light exposure.
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Note

El Shutter of 1 and Sensitivity of ~24% on third shelf with room in complete darkness
during provided NPQ analysis has yielded reliable results year after year in field grown
soybean and greenhouse grown with supplemental lighting soybean and tobacco mature
leaf tissues. Growth chamber grown Arabidopsis and greenhouse grown soybean pods
and immature seeds required adjustment to shutter and sensitivity settings prior to NPQ
analysis.

21 Turn off the primary overhead light and use the dimmer switch on the wall to set the
lighting in the room as low as you can safely work in, with dark being ideal. Ambient light
can affect shutter settings and the camera sensitivity. Leaf discs for analysis should
have as limited light exposure prior to initial fluorescence measurement as possible.

Main :
Light Dimmer

Switch Switch

22 Ensure all lights on the Fluorcam are manually turned off by unchecking boxes near
Flashes, Act1, Super, and Act 2 in the upper right corner.
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ok Soo o GEFOW
b| PreProcessng | Rews |

23 Remove any aluminum foil and parafilm from the additional sample plate that was
prepared and dark adapted (from "Before Start" section), flip the plate upside down so
the adaxial side of the leaf faces towards the Fluorcam camera, and place on the shelf
with the corner of the plate snugly against the guardrails for the field of view.
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24 Change the color scale to "extended spectrum 3" by right clicking on the color bar to the
right of the live field of view and selecting "extended spectrum_3-0.3".
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25  Turn on flashes by selecting check box next to "flashes" in upper right control window.

Actl

RGN

L T T T L

O T T e |
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26 Set the El shutter slider bar to 1 and adjust sensitivity slider bar until the leaf discs (or
other plant tissue) is visible in the extended color scale and are a blue corresponding to
between 200 and 500 on the color scale to the right of the live window. If it is not
possible to get the tissue to appear on the highest sensitivity and El shutter 1, increase El
shutter to 2 and repeat. The goal is to keep the El shutter as low as possible to reduce
unintended actinic light treatment.
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27 The updated El shutter and sensitivity settings need to be imported into an existing
protocol. Navigate to the protocols tab above the live field of view and use the open
folder icon to select the desired protocol from the computer file system.

Lve  Protocoks | Pre-Processing | Resut|

TS=20ms

include default.inc .
include light.inc
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Protocol for NPQ relaxation:
B VPZ-NPQ_50umol-10m_1600umol-1... 7KB

Alternatively, a pre-defined Fluorcam protocol can be selected and configured from the
"Protocols" tab by selecting the wizard hat icon.

Drot body - new protocel
| vers 1 PK May 1, 2007

include default.inc ;Includes standard options, do not remove it !
include light.inc ;Includes standard options, do not remove ir &

Once a protocol is successfully loaded, the coding section of the screen should
populate. Be aware that the save and save as icons on the left side of this screen will
only save modifications made to the loaded protocol. It will not save any of the size
calibrations or camera settings in the live window.
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28

ok Soup oo || B € 4 © 4
| Pre-Processing | Fesult |
e - | —————
{-protocol body - vPz max w
»Version Lynn Doran 3/21 /ZSgJEM =
120 umol/msA2 Jow Tight for 10 min
include default.inc ;Includes sra

inci'lgllz_:g-'éi ght inc ~; Includes srand

2=100

.Q . A
Qz'ggntensity-=<5, 5, 100. 6.5=
Sensitivity=31.1

= red light, do net :
= full spectrum uﬁfrgs ?i&fﬁ

St RULSE ure" o

gt n: > | =li ! .

Once the desired protocol is loaded, navigate back to the live window by selecting the

"Live" tab.
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29 Update the El shutter and sensitivity settings in the protocol by selecting the "Use"
button on the right navigation pane.
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30  Verify that the El shutter and sensitivity settings were successfully imported into your
protocol. Take note of the El shutter and sensitivity numeric values on the Live window.
Navigate to the protocols page using the "Protocol" tab at the top of the live field of view.
Verify that the protocol code at the top of the method for Sensitivity and Shutter match
the values that were selected on the Live window.
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31 Save the updated protocol by selecting the save or save as icon on the Protocol tab.
This will only save the updated protocol with El shutter and sensitivity settings. The size
calibration will not be saved until an analysis is run.
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32 Verify that the protocol is correctly coded by selecting the check mark icon on the left
side of the protocol tab. If the protocol is functional, the message box at the bottom of
the protocol tab will output "OK". The instrument is now ready for experimental analysis.
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Analysis

33 Navigate back to the live window by selecting the "Live" tab, ensure all instrument lights
are off by unchecking flashes, Act1, Act2, and Super.

34 If applicable, remove the sample plate that was used for adjusting camera settings. Itis
no longer dark adapted and should not be used for real measurements.

35 Turn off the primary overhead light and using the dimmer switch on the wall, set the
lighting in the room as low as you can safely work in, with dark being ideal. Ambient light
can affect shutter settings and the camera sensitivity. Leaf discs for analysis should
have as limited light exposure prior to initial fluorescence measurement as possible.
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Main "
Light Dimmer

Switch Switch

36 If used for dark adaptation, remove aluminum foil from sample plate.

37 If used, remove parafilm from plate edges. Humidity should be maintained for analysis
by the sponges and any parafilm covering a leaf disc could interfere with light treatments
and saturating pulses.

38 Identify the top left corner of the plate containing well 1A. Typically the 96 well plates
have two corners that are truncated and two that are full corners to help orient the plate,
even in the dark.
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39  Flip the plate on the vertical edge so the adaxial surface of the plated leaf discs faces up.
Well 1A should now be in the top right corner.
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40 Place the plate on the shelf with the top left corner of the plate snugly against the
guardrails for the field of view.

41 Select the lightening bolt icon to begin analysis.
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Progress and time to run completion will be displayed on the bottom of the live screen.

Tirne Remaining: 41 T5s

42 At the completion of the analysis, the Pre-Processing window should automatically open.
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43 The Fluorcam is not configured with an auto-save. Save the complete experiment .tar L A
file by selecting Experiment-> Save from the top menu bar.

Do not use the save icon on the Pre-Processing window. The save icon on the Pre-
Processing window will only save a pre-processing mask and all run data will be lost.
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44

45
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Only saves pre-processing
mask template!

Verify that the file was saved correctly by navigating to the PC location where the
analysis file was saved. The file should appear as file type "tar Archive" and be
approximately 140,000 KB file size if the provided NPQ protocol was used. This tar file
contains the size calibration, protocols, and all analysis imaging data. If a mask was
applied or result analysis was initiated it will also contain that data but these two actions
can also be performed at a later time.

Name Date modified Type Size

~ 7-13-23 LD10 Plate 1 7/28/2023 8:52 AM File folder

oy 7-13-23 LD10 Plate 2 7/28/2023 8:53 AM File le

E 7-13-23 Plate 1 LD10 CF Imaging Summary 2023 4:39 PM [\ tE Work 31 KB

% 7-13-23 Plate 2 LD10 CF Imaging Summary 2023 4:40 PM Microsoft Excel Work 9 KB

£ 7-13-23_NPQtrace_SUMMARY 27/2023 4:00 PM Microsoft Excel Work 38 KB

9 7-13-23 Plate 1 LD10 tar Archive NN 144,062 K3
3 7-13-23 Plate 2 LD10 tar Archive 43,669 KB

Remove the completed sample plate from the imager and confirm that well 1A was in the
top right corner and well 12A was in the top left corner and that the file name matches
the plate analyzed.

Analyze the next plate or sample set following the same steps. The software does not
need to be cleared. Once the next plate is ready for analysis, select the lightening bolt
icon to begin. Be aware that as soon as the new analysis has begun, the previous pre-
processing and results will not be accessible from the file being live generated. When
this analysis is complete, be sure to use "save as", not save, to avoid overwriting the
previous analysis. For added security to avoid overwriting analysis runs, the software
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can be closed completely but the size calibration and loading of the protocol will have to
be repeated every time the software is closed and then opened.

Mook S e G E SO W
h|m1wl
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