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17  SHORT ABSTRACT:
18 We describe a new technical approach to study photosynthetic responses in higher plants
19 involving simultaneous measurements of chlorophyll a fluorescence and leaf reflectance using a
20 PAM and a spectral radiometer for the detection of signals from the same leaf area in
21  Arabidopsis.
22
23 LONG ABSTRACT:
24 Chlorophyll a fluorescence analysis is widely used to measure photosynthetic behaviors in intact
25 plants, and has resulted in the development of many parameters that efficiently measure
26  photosynthesis. Leaf reflectance analysis provides several vegetation indices in ecology and
27  agriculture, including the photochemical reflectance index (PRI), which can be used as an
28 indicator of thermal energy dissipation during photosynthesis because it correlates with non-
29 photochemical quenching (NPQ). However, since NPQ is a composite parameter, its validation is
30 required to understand the nature of the PRI parameter. To obtain physiological evidence for
31 evaluation of the PRI parameter, we simultaneously measured chlorophyll fluorescence and leaf
32 reflectance in xanthophyll cycle defective mutant (npgl) and wild-type Arabidopsis
33  plants. Additionally, the qZ parameter, which likely reflects the xanthophyll cycle, was
34  extracted from the results of chlorophyll fluorescence analysis by monitoring relaxation kinetics
35 of NPQ after switching the light off. These simultaneous measurements were carried out using a
36 pulse-amplitude modulation (PAM) chlorophyll fluorometer and a spectral radiometer. The fiber
37 probes from both instruments were positioned close to each other to detect signals from the
38 same leaf position. An external light source was used to activate photosynthesis, and the
39  measuring lights and saturated light were provided from the PAM instrument. This experimental
40 system enabled us to monitor light-dependent PRI in the intact plant and revealed that light-
41  dependent changes in PRI differ significantly between the wild type and npgl mutant.
42  Furthermore, PRI was strongly correlated with qZ, meaning that gZ reflects the xanthophyll
43  cycle. Together, these measurements demonstrated that simultaneous measurement of leaf
44  reflectance and chlorophyll fluorescence is a valid approach for parameter evaluation.
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INTRODUCTION:

Leaf reflectance is used to remotely sense vegetation indices that reflect photosynthesis or traits
in plants®?. The normalized difference vegetation index (NDVI), which is based on infrared
reflection signals, is one of the most widely known vegetation indices for the detection of
chlorophyll-related properties, and it is used in the ecology and agricultural sciences as an
indicator of environmental responses in trees or crops®. In field studies, although many
parameters (e.g., chlorophyll index (Cl), water index (WI), etc.) have been developed and used,
few detailed verifications of what these parameters directly (or indirectly) detect have been
performed using mutants.

Pulse-amplitude modulation (PAM) analysis of chlorophyll fluorescence is an effective method to
measure photosynthetic reactions and processes involved in photosystem Il (PSIl)*. Chlorophyll
fluorescence can be detected with a camera and used for screening photosynthesis mutants®.
However, camera detection of chlorophyll fluorescence requires complex protocols such as dark
treatment or light saturation pulses, which are difficult to implement in field studies.

Leaf absorbed solar light energy is mainly consumed by photosynthetic reactions. By contrast,
the absorption of excess light energy can generate reactive oxygen species, which causes damage
to photosynthetic molecules. The excess light energy must be dissipated as heat through non-
photochemical quenching (NPQ) mechanisms®. The photochemical reflectance index (PRI), which
reflects light-dependent changes in leaf reflectance parameters, is derived from narrow-band
reflectance at 531 and 570 nm (reference wavelength)”2. It is reported to correlate with NPQ in
chlorophyll fluorescence analysis®. However, since NPQ is a composite parameter that includes
the xanthophyll cycle, state tradition, and photoinhibition, detailed validation is required to
understand what the PRI parameter measures. We have focused on the xanthophyll cycle, a
thermal dissipation system involving the de-epoxidation of xanthophyll pigments (violaxanthin
to antheraxanthin and zeaxanthin) and a main component of NPQ because correlations between
PRI and conversion of these pigments has been reported in previous studies®.

Many photosynthesis-related mutants have been isolated and identified in Arabidopsis. The npq1
mutant does not accumulate zeaxanthin because it carries a mutation in violaxanthin de-
epoxidase (VDE), which catalyzes the conversion of violaxanthin to zeaxanthin'®. To establish
whether PRI only detects changes in xanthophyll pigments, we simultaneously measured PRI and
chlorophyll fluorescence in the same leaf area in npgl and the wild-type and then dissected NPQ
at varying time scales of dark relaxation to extract the xanthophyll-related component!!. These
simultaneous measurements provide a valuable technique for the assignment of vegetation
indices. Furthermore, since PRI correlates with gross primary productivity (GPP), the ability to
assign PRI precisely to one component has important applications in ecology!?.

PROTOCOL:

1. Cultivation of Arabidopsis plants
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1.1 Soak Arabidopsis thaliana seeds in sterilized deionized water in a microtube, and incubate
for 2 days at 4 °C in the dark.

1.2 Place approximately four of the imbibed, cold-treated seeds onto the soil surface using a
micropipette. Incubate the planted pots in a growth chamber with a 16 h light (120 umol photons
m~2 s7!) and 8 h dark period at 22 °C and 20 °C, respectively.

13 Grow one plant per pot by thinning other seedlings after germination. Prepare at least
five pots. Incubate the plants in the growth chamber for an additional 4 weeks. Three plants are
used for the experiments.

1.4 Use the youngest, fully-opened mature leaf for photosynthesis measurements.
2. Setting up the sample stage, photosynthetic instruments, and light source

NOTE: For this protocol, a custom-built sample stage was used for fixing leaves and detection
probes (Figure 1).

2.1 Attach a 10 cm? steel plate with a 1 cm diameter hole onto the custom-made sample
stage. The hole size in this plate can be changed to accommodate different leaf samples or plant
species. The stage has a clip for fixing the detection probes and an adjuster to adjust the distance
between the probes and the leaf sample.

2.2 Prepare thin fiber probes for measuring chlorophyll fluorescence and leaf reflectance.
These thin fiber probes will be positioned closely so that they measure signals from the same leaf
position.

NOTE: A PAM chlorophyll fluorometer and a spectral radiometer were adapted for signal
detection of chlorophyll a fluorescence and leaf reflectance, respectively. Both instruments use
thin fiber probes with diameters of 1 mm and 2 mm, respectively.

2.3 Fit these two probes tightly together and wrap them with plastic tape.

2.4 Clip the taped probes onto the sample stage using a coaxial lens holder (see Figure 1), and
position them vertical to the leaf surface.

NOTE: The field of view of the fiber optic cable in the spectral radiometer is a = 25°. In this
method, the distance between the fiber probe tips and leaf surface is shorter than 1 cm.

Therefore, the measuring leaf area is almost the same as that of the fiber.

2.5 Attach a biforked light guide made of glass fibers to the halogen light source and irradiate
the sample stage from both directions at angles of approximately 45°.

NOTE: A halogen lamp, which is close to the wavelength distribution of natural sunlight, is used
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as actinic light for inducing photosynthesis. The halogen light source was adapted with a built-in
cold filter, which removes long wavelengths from near infrared, to prevent increases in leaf
surface temperature (A = 400 to 800 nm).

2.6 Adjust the light source so that light uniformly illuminates the sample stage without casting
shadows.

3. Setting up simultaneous measurements of leaf reflectance and chlorophyll fluorescence
NOTE: All steps are performed in the dark room to avoid the detection of light other than actinic
light. A weak-green light (e.g., green-cellophaned light) should be turned off before the actual
measurements.

3.1. Measuring the distance between the leaf sample and the probes on the sample stage.

3.1.1. Place a test leaf on the leaf holder of the sample stage in the dark. Press the leaf against
a steel plate on the stage (black square in Figure 1).

3.1.2. Turn on the PAM and irradiate the leaf sample with a measuring light. The values of the
chlorophyll fluorescence intensities are confirmed using PAM controlling software (see Table of
Materials).

3.1.3. Move the adjuster so that the fluorescence intensity measures approximately 100.
Measure the distance between the probe and the leaf. Fix the adjuster, and record the value of
the distance on the adjuster.

3.1.4. Turn off the measuring light. Remove the test leaf.

3.2. Measuring the irradiance intensities of the actinic light

NOTE: To observe light-dependent photosynthetic behaviors, actinic light of varying intensity is
used to irradiate the leaf sample.

3.2.1. Set alight quantum meter at the position where the sample leaf would be placed.
3.2.2. Irradiate light from the halogen light source and measure the intensity.

3.2.3. Determine which positions of the light source dial would generate intensities of 30, 60,
120, 240, and 480 pmol photons m=2 s,

NOTE: Arabidopsis plants are grown under 120 umol photons m= s71; therefore, the irradiance
intensities of the actinic light are selected to provide a range of small and large intensities.

3.2.4. Mark each irradiance intensity on the dial.
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3.3. Measure a reflection standard.

NOTE: A reflection standard is required to calculate the leaf reflectance ratio at each irradiance
intensity.

3.3.1. Place a white plate as a reflectance standard at the position of the leaf sample.

3.3.2. Turnon aspectral radiometer. The reflectance signal is shown by the spectral radiometer
controlling software. At this time, there are no spectral data because there is no irradiating light.

3.3.3. Turn on the halogen lamp to irradiate with 480 pmol photons m= s, the highest
irradiance intensity in this test.

3.3.4. Adjust the detection strength of the radiometer to avoid saturation.

3.3.5. Record spectral reflectance between 450-850 nm at 1 nm intervals under illumination
with 30, 60, 120, 240, and 480 umol photons m=2 s,

NOTE: A baseline electrical signal (dark current) is corrected and subtracted at every spectral
measurement.

4, Simultaneous measurements of leaf reflectance and chlorophyll a fluorescence, and
calculation of photosynthetic parameters

4.1 Set a plant at the leaf sample position.

4.1.1 Transfer the Arabidopsis plant from the grown chamber to the controlled dark room with
the same temperature and humidity as that of the growth chamber.

4.1.2 Incubate the plant for 1 hin the dark at 22 °C to dissipate electrons from the PSlI reaction
center and to relax of non-photochemical quenching.

4.1.3 Place the dark-adapted whole plant on a lab jack under the sample stage (Figure 1).

4.1.4 Fix the sample leaf to the leaf holder so that the leaf surface is perpendicular to the
detection probes.

4.2 Measurement of the maximum quantum yield of PSII.
4.2.1 Turn on the PAM and start recording the curve. This value is called 0.

4.2.2 Turn on the measuring light, and wait approximately 30 s for the curve to respond. This
value is called Fo.
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4.2.3 Give a saturated pulse of 4000 pumol photons m™2 s7* for 0.8 s from the PAM.

4.2.4 Obtain the highest value of the spike in the curve with increased fluorescence intensity.
This value is called F.

4.2.5 Calculate the maximum quantum yield of PSIl in the dark (Fy/Fum), using the following
equation.
Fv/Fm = (Fm— Fo) | Fm

4.3 Measurement of photosynthetic behaviors at steady state.

4.3.1 Turn on the halogen lamp as the external light source with the measuring light on after
recording Fuv (see 4.2.4). First, irradiate the leaf sample with the weakest light (30 umol photons
m=2s1).

4.3.2 Turn on the spectral radiometer at the same time to monitor the leaf reflectance.

4.3.3 Wait for 20 min or longer for the photosynthetic reaction to reach steady state under the
light conditions. The fluorescence intensity of the steady state is called Fs.

4.3.4 Supply a saturating pulse at intervals of 1 min during illumination with the actinic light.
The maximum fluorescence value achieved under the pulsed light is called Fa/'.

4.3.5 Record the data of Fy' at 20 min after turning on the actinic light.

4.3.6 Take leaf reflectance data by averaging 10 scans at an optimized integration time, with a
dark current subtraction.

4.4 Calculation of photosynthetic parameters at steady state.

4.4.1 Calculate the quantum yields of PSIl photochemistry (®psi), which can be estimated by
irradiating with saturated pulses under actinic light, using the following equation.
®psit = (Fu'- Fs) [ Fu'

4.4.2 Estimate the linear electron flux (LEF) from the PSII reaction center as follows 4.
LEF = The irradiance intensity of the actinic light x®ps; x 0.5 x 0.84

4.4.3 Calculate the NPQ, which can be expressed the thermal dissipation, using the following
equation.
NPQ = (Fm- Fur') [ Fu'

NOTE: Light energy is primarily consumed by photosynthesis reactions. However, when plants
absorb more light energy than energy consumed by photosynthesis, the mechanisms for the
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thermal dissipation are induced to avoid the excess energy.

4.4.4 Using the spectral data acquired with the radiometer under the same light conditions,
calculate the leaf reflectance ratio as follows.

Reflectance ratio = Rieaf / Rstandard

4.4.5 Calculate PRI from 531 nm and 570 nm as follows. These two wavelengths are extracted
from the reflectance ratio.

PRI = (Rs31—Rs70) / (Rs31+Rs70)

NOTE: R is a reflectance.

4.5 Measuring of the relaxation kinetics of non-photochemical quenching.

4.5.1 Turn off the actinic light after acquiring Fs and leaf reflectance.

4.5.2 Monitor chlorophyll fluorescence by PAM for 10 min after turning off light.

4.5.3 Provide a saturating pulse at intervals of 1 min during the dark relaxation. The maximum
fluorescence value induced by the saturation pulse under the dark is called Fp". Obtain ten of
Fn'" in one test.

4.5.4 Save the data of Fp" at 2 min and 10 min after turning off the actinic light.

4.5.5 Turn the actinic light on set to the next irradiance intensity, 60 u mol photons m=2 s™,
4.5.6 Repeat a light adaptation for 20 min and a dark relaxation for 10 min with pulsing
saturation light at intervals of 1 min. Record all data as described above. Repeat all steps and
measurements using irradiation at 120, 240, and 480 pu mol photons m=2 s,

4.6 Calculation of parameters of the non-photochemical quenching from the relaxation kinetics.

NOTE: Light-dependent induction of NPQ is relaxed by turning off the light source®3. It is possible
to fractionate each NPQ function by adjusting the relaxation timescales.

4.6.1 Estimate the gE (energy-dependent quenching) fraction using Fu/'' after 2-min dark
adaptation.
qE = (Fvzm"=Fu') [ Fid'

NOTE: The gE fraction is rapidly reversed within 1-2 min. This fraction includes mainly PsbS
protonation and part of xanthophyll conversion, which depend on light-induced ApH across the

thylakoid membrane!3. Both are reversible on breakdown of the gradient.

4.6.2 Calculate the gZ (zeaxanthin dependent quenching) fraction using Fu,/"" after 10-min dark
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adaptation.
qZ = (Fmzom""—Fm') | FM'

NOTE: A relaxation kinetics of NPQ at approximately 10 min after actinic light off reflects a
xanthophyll cycle!4. Most of the xanthophyll conversion is reversed at longer timescales of
approximately 10 min (gZ) because the conversion requires a VDE (violaxanthin de-epoxidase)
enzymatic reaction. The fraction is also relaxed by breakdown of the ApH across the thylakoid
membrane.

4.6.3 Calculate the gl (photoinhibitory state) as follows.
al = (Fv—Fmzom") /| Fn'

NOTE: The slowest recovery among NPQ fractions is thought to be photodamage of PSII
(indicating D1 turnover). This fraction of the photoinhibitory state (gl), which does not recover
by 10 min®>.

REPRESENTATIVE RESULTS:

Figure 1 presents a schematic diagram of the experimental set up for simultaneously measuring
chlorophyll fluorescence and leaf reflectance. The fiber probes of the PAM and spectral
radiometer were set perpendicularly to the leaf surface at the leaf holder on the custom-made
sample stage, and a halogen lamp was used for actinic light irradiation from both left and right
directions without casting any shadows. The PAM and leaf reflectance signals were detected
using the software of the separate systems. This experimental system was used to compare
Arabidopsis wild-type (Col) and npgl mutant (lack zeaxanthin) plants (Figure 2). The APRI
calculated from the leaf reflectance was plotted against light-dependent linear electron flow
from PSlI estimated by the PAM (Figure 2A). PRl is reported to be affected not only by xanthophyll
but also by carotenoids?®. The PRI was corrected by being PRI at each light intensity minus PRI at
the lowest light intensity (APRI) to observe only light-dependent PRI changes!!. The results
showed that APRI was negatively correlated with LEF in wild-type plants, but not in npgl. We also
dissected qZ, which represents the xanthophyll cycle, from the dark relaxation kinetics of NPQ
and plotted it as APRI in Figure 2B. The results show that qZ is strongly correlated with APRI (r’ =
—0.87, p-value < 0.001), implying that PRI reflects the xanthophyll cycle.

FIGURE AND TABLE LEGENDS:

Figure 1. Schematic diagram of the experimental system for simultaneous measurement of
chlorophyll a fluorescence and leaf reflectance. Details are described in the Protocol section. A
plant pot was positioned by a lab jack (solid double-headed arrow). A halogen lamp was used to
irradiate various light intensities to activate photosynthesis (thin solid arrow). Chlorophyll a
fluorescence signals were detected using a system of pulse amplitude modulation (PAM); the red
line indicates the fiber probe from the PAM chlorophyll fluorometer. The leaf reflectance was
detected by a spectral radiometer under the light illumination; the blue line indicates the fiber
probe from the spectral radiometer. The measuring light (dotted arrow) and the short-saturated
light (thick solid arrow) also were provided by the PAM chlorophyll fluorometer. The saturated
lights were pulsed with 1 min intervals during light adaptation for 20 min and dark relaxation for
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10 min.

Figure 2. Changes in photosynthetic parameters in wild-type Columbia (black squares), and
npql mutant (red squares) Arabidopsis plants. APRI (PRI at each irradiance intensity minus PRI
at the lowest intensity of 30 pmol photons m= s') was plotted against (A) the rate of linear
electron flux (LEF), and (B) qZ after dark relaxation for 10 min. The irradiance intensity of the
actinic light was 30, 60, 120, 240, and 480 pumol photons m2 s, Data points and error bars
represent means + SD for n=3. The line in B is a regression curve that applies for all data points.

DISCUSSION:
In this study, we obtained additional evidence to show that PRI represents xanthophyll pigments
by simultaneously measuring chlorophyll fluorescence and leaf reflectance.

A halogen light, which has wavelengths similar to sunlight, was adapted for use as an actinic light
source to activate photosynthesis. We initially used a white LED light source to avoid thermal
damage of the leaf surface, but this produced slow dark relaxation kinetics and exceptionally high
gl (photoinhibitory quenching), possibly by photodamaging PSIl. We therefore adapted the
halogen lamp with a built-in cold filter to reduce heat production. This light source did not cause
any abnormalities in dark recovery or ql.

The most important variable in our method is the positional relationship between the leaf, the
light source, and the detection probes. We have tested measuring the chlorophyll fluorescence
and leaf reflectance from various diagonal angles with light irradiating from directly above to the
leaf. However, the intensity of the detection signals differed depending on the angle. To avoid
this variability, the probes were fixed vertically above the leaf sample (Figure 1). The light source
was delivered using bifurcated fibers that irradiated the leaf surface from both the left and right
sides to generate a uniform irradiating light (Figure 1).

Studies of leaf reflectance have been primarily used in ecology to determine various plant
vegetation indices in field settings, such as differences between plant species, nutritional
conditions, or seasonal changes. However, few studies have tested and verified these vegetation
indices in model plants such as Arabidopsis and tobacco, whose mutants could possess a wealth
of genetic information and omics analyses data. Verifying and developing vegetation indices for
these plants could identify novel photosynthetic parameters represented in innovative
vegetation indices, which would contribute to the discipline of ecology.

This study focused on the dark relaxation kinetics of NPQ to verify the xanthophyll cycle behavior.
New photosynthesis-related parameters are currently under development for chlorophyll
fluorescence analysis (e.g., estimations of the redox state of the plastoquinone pool (gL) or the
activity of cyclic electron flow around PSI*78). The simultaneous measurement of chlorophyll
fluorescence and leaf reflectance in related Arabidopsis mutants will advance research into the
molecular mechanisms of photosynthesis and help to utilize this knowledge in field studies. A
recent study reported that chlorophyll fluorescence in plants can be remotely sensed from leaf
spectral reflectance. The parameter calls solar-induced chlorophyll fluorescence (SIF) is
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measured utilizing a Fraunhofer line, dark lines absorbed by Oxygen, under solar light 1%1°. If the
currently developed vegetation indices were reassigned using these techniques, it would be
possible to remotely assess photosynthetic responses in plants without using special treatments
such as saturated pulses or dark adaptation.
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ARTICLE AND VIDEO LICENSE AGREEMENT

Title of Article: | £ ypluation of photosynthetic behowiors by simultoneous meosurements
of leof reflectonce pnd chlorophyll Flvorescence omalyses

Author(s):
Koor{ kolzuma

ltem 1: The Author elects to have the Materials be made available (as described at

http://www.jove.com/publish) via:

Standard Access

Item 2: Please select one of the following items:

[I Open Access

E{rhe Author is NOT a United States government employee.

DThe Author is a United States government employee and the Materials were prepared in the
course of his or her duties as a United States government employee.

I:lThe Author is a United States government employee but the Materials were NOT prepared in the
course of his or her duties as a United States government employee.

ARTICLE AND VIDEO LICENSE AGREEMENT

1% Defined Terms. As used in this Article and Video
License Agreement, the following terms shall have the
following meanings: “Agreement” means this Article and
Video License Agreement; “Article” means the article
specified on the last page of this Agreement, including any
associated materials such as texts, figures, tables, artwork,
abstracts, or summaries contained therein; “Author”
means the author who is a signatory to this Agreement;
“Collective Work” means a work, such as a periodical issue,
anthology or encyclopedia, in which the Materials in their
entirety in unmodified form, along with a number of other
contributions, constituting separate and independent
works in themselves, are assembled into a collective whole;
“CRC License” means the Creative Commons Attribution-
Non Commercial-No Derivs 3.0 Unported Agreement, the
terms and conditions of which can be found at:
http://creativecommons.org/licenses/by-nc-

nd/3.0/legalcode; “Derivative Work” means a work based
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement,
dramatization, fictionalization, motion picture version,
sound recording, art reproduction, abridgment,
condensation, or any other form in which the Materials may
be recast, transformed, or adapted; “Institution” means
the institution, listed on the last page of this Agreement, by
which the Author was employed at the time of the creation
of the Materials; “JoVE” means Mylove Corporation, a
Massachusetts corporation and the publisher of The Journal
of Visualized Experiments; “Materials” means the Article
and / or the Video; “Parties” means the Author and JoVE;
“Video” means any video(s) made by the Author, alone or
in conjunction with any other parties, or by JoVE or its
affiliates or agents, individually or in collaboration with the
Author or any other parties, incorporating all or any portion

of the Article, and in which the Author may or may not
appear.

21 Background. The Author, who is the author of the
Article, in order to ensure the dissemination and protection
of the Article, desires to have the JoVE publish the Article
and create and transmit videos based on the Article. In
furtherance of such goals, the Parties desire to memorialize
in this Agreement the respective rights of each Party in and
to the Article and the Video.

3t Grant of Rights in Article. In consideration of JoVE
agreeing to publish the Article, the Author hereby grants to
JoVE, subject to Sections 4 and 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto) license (a) to
publish, reproduce, distribute, display and store the Article
in all forms, formats and media whether now known or
hereafter developed (including without limitation in print,
digital and electronic form) throughout the world, (b) to
translate the Article into other languages, create
adaptations, summaries or extracts of the Article or other
Derivative Works (including, without limitation, the Video)
or Collective Works based on all or any portion of the Article
and exercise all of the rights set forth in (a) above in such
translations, adaptations, summaries, extracts, Derivative
Works or Collective Works and(c) to license others to do any
or all of the above. The foregoing rights may be exercised in
all media and formats, whether now known or hereafter
devised, and include the right to make such modifications
as are technically necessary to exercise the rights in other
media and formats. If the “Open Access” box has been
checked in Item 1 above, JoVE and the Author hereby grant
to the public all such rights in the Article as provided in, but
subject to all limitations and requirements set forth in, the
CRC License.
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4. Retention of Rights in Article. Notwithstanding
the exclusive license granted to JoVE in Section 3 above, the
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in
each case provided that a link to the Article on the JoVE
website is provided and notice of JoVE’s copyright in the
Article is included. All non-copyright intellectual property
rights in and to the Article, such as patent rights, shall
remain with the Author.

5. Grant of Rights in Video — Standard Access. This
Section 5 applies if the “Standard Access” box has been
checked in ltem 1 above or if no box has been checked in
Item 1 above. In consideration of JoVE agreeing to produce,
display or otherwise assist with the Video, the Author
hereby acknowledges and agrees that, Subject to Section 7
below, JOVE is and shall be the sole and exclusive owner of
all rights of any nature, including, without limitation, all
copyrights, in and to the Video. To the extent that, by law,
the Author is deemed, now or at any time in the future, to
have any rights of any nature in or to the Video, the Author
hereby disclaims all such rights and transfers all such rights
to JoVE.

6. Grant of Rights in Video — Open Access. This
Section 6 applies only if the “Open Access” box has been
checked in Item 1 above. In consideration of JoVE agreeing
to produce, display or otherwise assist with the Video, the
Author hereby grants to JoVE, subject to Section 7 below,
the exclusive, royalty-free, perpetual (for the full term of
copyright in the Article, including any extensions thereto)
license (a) to publish, reproduce, distribute, display and
store the Video in all forms, formats and media whether
now known or hereafter developed (including without
limitation in print, digital and electronic form) throughout
the world, (b) to translate the Video into other languages,
create adaptations, summaries or extracts of the Video or
other Derivative Works or Collective Works based on all or
any portion of the Video and exercise all of the rights set
forth in (a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works
and (c) to license others to do any or all of the above. The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Video to which this Section 6 is applicable, JoVE and
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

7 Government Employees. If the Author is a United
States government employee and the Article was prepared
in the course of his or her duties as a United States
government employee, as indicated in Item 2 above, and
any of the licenses or grants granted by the Author
hereunder exceed the scope of the 17 U.S.C. 403, then the
rights granted hereunder shall be limited to the maximum
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rights permitted under such statute. In such case, all
provisions contained herein that are not in conflict with
such statute shall remain in full force and effect, and all
provisions contained herein that do so conflict shall be
deemed to be amended so as to provide to JoVE the
maximum rights permissible within such statute.

8. Protection of the Work. The Author(s) authorize
JOVE to take steps in the Author(s) name and on their behalf
if JoVE believes some third party could be infringing or
might infringe the copyright of either the Author’s Article
and/or Video.

9. Likeness, Privacy, Personality. The Author hereby
grants JoVE the right to use the Author’s name, voice,
likeness, picture, photograph, image, biography and
performance in any way, commercial or otherwise, in
connection with the Materials and the sale, promotion and
distribution thereof. The Author hereby waives any and all
rights he or she may have, relating to his or her appearance
in the Video or otherwise relating to the Materials, under
all applicable privacy, likeness, personality or similar laws.
10. Author Warranties. The Author represents and
warrants that the Article is original, that it has not been
published, that the copyright interest is owned by the
Author (or, if more than one author is listed at the beginning
of this Agreement, by such authors collectively) and has not
been assigned, licensed, or otherwise transferred to any
other party. The Author represents and warrants that the
author(s) listed at the top of this Agreement are the only
authors of the Materials. If more than one author is listed
at the top of this Agreement and if any such author has not
entered into a separate Article and Video License
Agreement with JoVE relating to the Materials, the Author
represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them
had been a party hereto as an Author. The Author warrants
that the use, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate,
infringe and/or misappropriate the patent, trademark,
intellectual property or other rights of any third party. The
Author represents and warrants that it has and will
continue to comply with all government, institutional and
other regulations, including, without limitation all
institutional, laboratory, hospital, ethical, human and
animal treatment, privacy, and all other rules, regulations,
laws, procedures or guidelines, applicable to the Materials,
and that all research involving human and animal subjects
has been approved by the Author's relevant institutional
review board.

11. JoVE Discretion. If the Author requests the
assistance of JoVE in producing the Video in the Author’s
facility, the Author shall ensure that the presence of JoVE
employees, agents or independent contractors is in
accordance with the relevant regulations of the Author's
institution. If more than one author is listed at the
beginning of this Agreement, loVE may, in its sole
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discretion, elect not take any action with respect to the
Article until such time as it has received complete, executed
Article and Video License Agreements from each such
author. JoVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to
accept or decline any work submitted to JoVE. JoVE and its
employees, agents and independent contractors shall have
full, unfettered access to the facilities of the Author or of
the Author’s institution as necessary to make the Video,
whether actually published or not. JoVE has sole discretion
as to the method of making and publishing the Materials,
including, without limitation, to all decisions regarding
editing, lighting, filming, timing of publication, if any,
length, quality, content and the like.

12. Indemnification. The Author agrees to indemnify
JoVE and/or its successors and assigns from and against any
and all claims, costs, and expenses, including attorney’s
fees, arising out of any breach of any warranty or other
representations contained herein. The Author further
agrees to indemnify and hold harmless JoVE from and
against any and all claims, costs, and expenses, including
attorney’s fees, resulting from the breach by the Author of
any representation or warranty contained herein or from
allegations or instances of violation of intellectual property
rights, damage to the Author’s or the Author’s institution’s
facilities, fraud, libel, defamation, research, equipment,
experiments, property damage, personal injury, violations
of institutional, laboratory, hospital, ethical, human and
animal treatment, privacy or other rules, regulations, laws,
procedures or guidelines, liabilities and other losses or
damages related in any way to the submission of work to
JoVE, making of videos by JoVE, or publication in JoVE or
elsewhere by JoVE. The Author shall be responsible for, and
shall hold JoVE harmless from, damages caused by lack of
sterilization, lack of cleanliness or by contamination due to
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the making of a video by JoVE its employees, agents or
independent contractors. All sterilization, cleanliness or
decontamination procedures shall be solely the
responsibility of the Author and shall be undertaken at the
Author’s expense. All indemnifications provided herein
shallinclude JoVE's attorney’s fees and costs related to said
losses or damages. Such indemnification and holding
harmless shall include such losses or damages incurred by,
or in connection with, acts or omissions of JoVE, its
employees, agents or independent contractors.

13. Fees. To cover the cost incurred for publication,
JoVE must receive payment before production and
publication the Materials. Payment is due in 21 days of
invoice. Should the Materials not be published due to an
editorial or production decision, these funds will be
returned to the Author. Withdrawal by the Author of any
submitted Materials after final peer review approval will
result in a US$1,200 fee to cover pre-production expenses
incurred by JoVE. If payment is not received by the
completion of filming, production and publication of the
Materials will be suspended until payment is received.

14. Transfer, Governing Law. This Agreement may be
assigned by JoVE and shall inure to the benefits of any of
JoVE’s successors and assignees. This Agreement shall be
governed and construed by the internal laws of the
Commonwealth of Massachusetts without giving effect to
any conflict of law provision thereunder. This Agreement
may be executed in counterparts, each of which shall be
deemed an original, but all of which together shall be
deemed to me one and the same agreement. A signed copy
of this Agreement delivered by facsimile, e-mail or other
means of electronic transmission shall be deemed to have
the same legal effect as delivery of an original signed copy
of this Agreement.

A signed copy of this document must be sent with all new submissions. Only one Agreement is required per submission.
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Dear Bing Wu

Journal of Visualized Experiments

May 30, 2019

JOVE59838

Evaluation of photosynthetic behaviors by simultaneous measurements of leaf
reflectance and chlorophyll fluorescence analyses

Thank you for handling our manuscript and comments. We have revised our

manuscript according to them. Listed in below.

1. The highlighting is quite confusing in the manuscript. Please highlight complete sentences
(not of parts of sentences) for filming. Please use only one color for highlighting. When

highlighting protocol steps for filming, please ensure that you include all details.

1.Response: We re-highlighted sentences for filming.

2. Please do not use more than one note per step.

1.Response: Done.

3. Please sort the items in alphabetical order according to the name of material/equipment.

1.Response: Done.

We hope this revision goes well.

Sincerely yours,
Kaori Kohzuma, Ph.D.
Tohoku University

kohzuma@googlemail.com
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