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1 Introduction to M-PEA
11 Introduction to M-PEA

| .

The M-PEA (Multi-Function Plant Efficiency Analyser) combines high quality fast fluorescence
kinetic and P700+ absorbance studies with ground-breaking Delayed Fluorescence measurements
providing one of the most comprehensive systems for the investigation of plant photosynthetic
efficiency available.

The M-PEA is a laboratory-based measurement system consisting of a control unit and
sophisticated, robust sensor unit housing all optical emitters and detectors for all measurement
elements. The system is controlled from a comprehensive Windows® software package (M-PEA+)
which allows complex experiments to be designed, uploaded and executed by the M-PEA
hardware. Recorded data is quickly downloaded to the software via a USB2.0 connection.

The control unit is of convenient size with minimal footprint allowing measurements to be made in
a busy lab environment where bench space is critical. The front panel consists of a power switch
and indicator LED, optical sensor connection and a 4 line LCD display. The rear panel provides
input for a 12V DC power supply and a USB2.0 connection socket for interface to the M-PEA+
software running on a Windows® PC.

The optical sensor unit is a robust enclosure designed to incorporate sophisticated electronics
which effectively controls all of the light sources and detectors. The M-PEA-1 sensor unit includes
a high intensity red actinic source, a far-red light source, the prompt fluorescence detector and the
modulated emitter/detector pair for P700+ absorbance measurements. M-PEA-2 additionally
includes a high sensitivity delayed fluorescence detector and a detector to measure leaf
absorptivity.

© 2017 Hansatech Instruments Ltd



8 M-PEA Manual

All the optics are located behind a quartz window which seals the sensor unit providing effective
protection for the optical assemblies against dust, dirt and moisture.

M-PEA-1 Variant

M-PEA-1 features the following acquisition elements:

Prompt Fluorescence Measurements

The prompt fluorescence signal detection system for the M-PEA uses a high intensity red LED up
to 5000 pmols m? s at the sample surface for effective light saturation of the sample. The
emitted fluorescence signal is captured by a low noise, fast response PIN photodiode with the
detected signal being processed by a high performance 16 bit A/D converter for optimum
resolution.

Modulated P700+ Absorbance Measurements

The M-PEA uses an optically filtered, modulated 820nm LED for high quality P700+ absorbance
measurements. P700+ activity is recorded using an optimised low noise, fast response PIN
photodiode and 16 bit A/D converter providing an excellent signal-to-noise ratio.

Measurements of prompt fluorescence and P700+ are plotted on the same axes in the M-PEA+
software.

M-PEA-2 Variant

M-PEA-2 includes both the prompt and P700+ acquisition elements in conjunction with:

Delayed Fluorescence Measurements

Delayed fluorescence is light that is emitted from green plants, algae and photosynthesising
bacteria for a short time after they have been exposed to light, but after the prompt fluorescence
emission has decayed. Delayed fluorescence occurs in the red-infra-red region of the spectrum
(the same as prompt chlorophyll fluorescence). However, the intensity of the delayed fluorescence
emission is lower than that of prompt fluorescence by at least two orders of magnitude therefore
requiring extremely high sensitivity apparatus to measure the signal.

Delayed fluorescence was first discovered by Strehler and Arnold (1951) when they were
attempting to use the firefly luminescence for the measurement of the light-induced accumulation
of ATP in the green alga Chlorella. They found that even without the addition of luciferase and
luciferin, there was a long-lived glow from algal cells and chloroplasts in darkness following
illumination. The observed delayed fluorescence was characteristic of different photosynthesising
samples used—leaves (Strehler and Arnold 1951), chloroplasts and photosynthesising bacteria
(Arnold and Thompson 1956).

M-PEA features an optically filtered, highly sensitive wideband avalanche photodiode for the
measurement of the delayed fluorescence signal. The system can be configured to make delayed
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Introduction to M-PEA 9

fluorescence measurements at regular intervals during a prompt fluorescence recording oras a 5
second measurement at the end of a prompt fluorescence induction.

Leaf Absorptivity Measurements

The leaf absorptivity element is effectively a measurement of the "greenness" of the leaf, giving a
relative indication of chlorophyll content. M-PEA uses the actinic, far-red and P700+ emitter light
sources to give a relative absorptivity measurement.

1.2 Prompt Fluorescence
1.2.1 Whatis Chlorophyll Fluorescence?

What is Chlorophyll Fluorescence?

Energy dissipated via non-photochemical
processes: heat, fluorescence

Energy dissipated via
photochemical processes:
Photosynthesis

When light energy from the sun is absorbed by a chlorophyll molecule within a sample, the
electronic configuration of the molecule is temporarily altered. This excited configuration is
inherently unstable and as several processes compete to dissipate the absorbed energy. In
photosynthetic systems the processes by which this energy is dissipated are either photochemical
or non-photochemical processes.

Photochemical processes utilise absorbed energy for photochemistry, during which electron
donation from pigment to an acceptor molecule occurs. Such processes direct energy for the
chemical work involved in photosynthesis.

© 2017 Hansatech Instruments Ltd



10 M-PEA Manual

Non-photochemical processes dissipate energy from the photosynthetic apparatus in a manner
which does not drive photosynthesis. Energy is usually re-emitted from the sample in the form of
infra-red radiation (heat) and red/far-red radiation which is known as chlorophyll fluorescence.

The competition between these processes for absorbed energy ensures that a reduction in the
rate of one process will be associated with a corresponding increase in the rates of competing
processes e.g. a reduction in the dissipation of energy by photochemistry will be reflected in an
increase in energy dissipation by non-photochemical processes such as heat production and
chlorophyll fluorescence.

Any forms of biotic or abiotic stress which have an effect on the photosynthetic performance of
the sample e.g. effects the leaf’s ability to channel solar energy through the photochemical
pathways, will therefore alter the intensity of the chlorophyll fluorescence emission.

Energy dissipation via chlorophyl|
fluorescence increases due to a decrease
in dissipation via photochemical pathways

Photosynthetic performance is limited due to the
effects of biotic or abiotic stress factors

Stress factors such as heat, cold, drought,
herbicide damage, atmospheric pollutants,
nutrient deficiency etc. Limit the

r\ % SR - photosynthetic capabilities of the sample

Consequently measurement of changes in the extent of fluorescence emission can be used to
infer information about changes in the efficiency of light use for photochemistry (Reviewed in
Krause and Weis 1991 and Govindjee 1995) and more significantly, using information gained from
the measurement of the Fast Fluorescence or Kautsky Induction phenomenon (please see the
Kautsky Fluorescence Induction section), samples may be screened effectively for particular types
of stress factors which limit the photosynthetic performance of the sample.

Since the work of Emerson et al. (1932) it has been widely accepted that there are two separate
photochemical steps during photosynthesis which are associated with different groups of
pigments; these groups have become known as photosystem | and photosystem Il. In practice
differences in the functionality of photosystem | and Il mean that at least 95% of the chlorophyll
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fluorescence signal observed under physiological temperatures is derived from chlorophyll
molecules associated with photosystem Il (PSIlI).

1.2.2 The Kautsky Induction

The Kautsky Induction

If a sample is dark adapted the PSII electron acceptor pool is gradually re-oxidised to a point
where all of the PSII reaction centres are capable of undertaking photochemistry. If that sample is
then suddenly illuminated with a high intensity light source, a rapid (approx. 1 s) polyphasic rise in
chlorophyll fluorescence may be observed which is subsequently followed by a slow (approx. 2
min) decline in fluorescence intensity to a steady state level of fluorescence. This induction
phenomena is often referred to as the Kautsky Induction (Kautsky and Hirsch, 1931%*).

Kautsky Induction curves must be plotted on a logarithmic axis in order to observe the polyphasic
rise to the maximum chlorophyll fluorescence value. This is due to the reactions causing the
different kinetics occur typically in the first 300 msecs of illumination.

Fm
P

Fluorescence (arb.)

F

o

10M1 10n4 1048
Time (usec)

The kinetics of the induction curve appear universally in photosynthetic organisms including
microalgae and cyanobacteria. It is therefore possible to label the individual elements of the
fluorescence rise as shown in the graph above. The peaks are denoted by the letters O, J, I, P

(please refer to the OJIP Analysis section of the Prompt Fluorescence Parameters section for
further details).

Fo (Fluorescence Origin) and Fm (Fluorescence Maximum) are parameters which have long been
used in measurements of chlorophyll fluorescence. From these 2 absolute values, the parameter
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12 M-PEA Manual

of Fv (Variable Fluorescence) may be calculated as the difference between the Fm and Fo levels.
In turn, the Fm value may be displayed as a function of the Fv parameter in order to give the
parameter Fv/Fm.

Fv/Fm has been used and widely accepted for many years as an indication of the maximum
efficiency of Photosystem Il. It is a highly effective and sensitive parameter which may be used as
an indicator of sample stress.

The animation below represents the reaction centre states at different stages of the Kautsky
fluorescence induction. Click on the Advance Image button below to display to the next stage in
the kinetic.

Measuring the Fast Fluorescence Induction.

Chlorophyll fluorescence measurements are not absolute. The fluorescence emitted depends upon
the light intensity and the response of the plant to the new light conditions. Many of the
commonly used comparative fluorescence parameters are ratios. It is therefore important that
measurements are made in truly comparable circumstances if data is to be used for comparison.
The use of a fluorometer to make measurements is only one aspect of good experimental design
and procedure.

If Fo and Fm cannot be determined accurately, all calculated values will be inaccurate. The
accurate determination of Fo depends upon instrument design. The measuring device should be
capable of rapidly recording the fluorescence signal induced by illumination.

M-PEA utilises a fast data acquisition system capable of recording every 10 microseconds. An
algorithm is then used to determine a line of best fit through the data points recorded immediately
after the start of illumination. This line is extrapolated back to time zero when illumination
commenced in order to derive Fo.

It is vitally important that the illumination should not vary in intensity during measurement
otherwise the Fo and peak fluorescence will have been determined using different light levels and
therefore cannot be compared.

The illumination must also be at full measuring intensity before measurements commence,
otherwise the early data points are recorded at varying light intensities. This is the advantage of
using LED’s as they almost instantaneously rise to full intensity when illuminated.

In order that the maximum fluorescence signal obtained can be regarded as Fm, the sample
should be dark adapted and the light must be of sufficient intensity to saturate the plant, so that
the addition of more light would not cause additional fluorescence. If the light is not of saturating
intensity, the fluorescence will reach a peak value, but this peak will not be the maximum possible
fluorescence signal (Fm) and should not be used for calculations of Fv/Fm ratios.

Saturating intensities will vary from species to species, and with the period of dark adaptation and
the environmental conditions in which the plant is growing. It is important to ensure that
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saturation is achieved by measuring at various light intensities after a range of dark adaptation
periods to check that the Fv/Fm ratio cannot be increased by using higher light levels.

* Kautsky, H. and A. Hirsch (1931). Chlorophylifluoreszenz und Kohlensdureassimilation. Naturwissenschaften,
19, 964.

1.2.3 Prompt Fluorescence Parameters

1.2.31 Fo

Prompt Fluorescence Parameters

Fo

The Fo parameter is thought to represent emission by excited chlorophyll a molecules in the
antennae structure of Photosystem Il. The true Fo level is only observed when the first stable
electron acceptor of Photosystem Il called Qa is fully oxidised. This requires thorough dark
adaptation. Fo occurs at time base 0. It is the almost instantaneous (nanoseconds range) rise to
an origin level of chlorophyll fluorescence upon illumination using a chlorophyll fluorimeter. Due
to restrictions in electronics technology and the speed of fluorescence detection, it is not possible
to measure the true Fo. However, it is possible to estimate the Fo level to a high degree of
accuracy using a mathematical algorithm.

. ‘ i Point 16
Pointj4 o |
[ ——
w 7-,»-43}—@\7—-)-5-—"-4:1— 1=
: __,_,_———EI'——’E'_-—_{ RO RS - o]
9 F L ———e— &
] (o]
wv
8 15000 [m]
3 Extrapolated
e
] ] 1 T T : i I I
0 17 34 50 67 84 101 118 134 151 168
Time (usec)

A line of best fit is calculated using least squares regression through the initial data points (4 - 16)
recorded at the onset of illumination. This line of best fit is extrapolated to time O (the start of
illumination) to determine Fo. Provided the sample occupies the whole of the illuminated area of
the clip and the sample is fully dark adapted, the value obtained for Fo of different specimens at
the same light level may be used for comparison.

The Summary Tab has an option allowing the F1 data point (recorded at 50 mseconds) to be used
as the Fo parameter value. Please refer to the Fo Calculation Method section for details as to why
it may be necessary to use this option in some cases.
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14 M-PEA Manual

1.2.3.2 Fm

Fm

This is the maximum chlorophyll fluorescence value obtained for a continuous light intensity. This
parameter may only be termed as maximum fluorescence if the light intensity provided by the
chlorophyll fluorimeter is fully saturating for the plant and the electron acceptor Qa is fully
reduced. If the light intensity used for the recording is not sufficiently high, the plant may not be
fully saturated in all circumstances. The peak fluorescence level (Fp) achieved in these
circumstances would not be maximal and therefore should not be used as Fm. Consequently the
ratio Fv/Fm would not be correct and the ratio would strictly be Fv/Fp with a reduced value. This
was commonly the case when using an older chlorophyll fluorimeter with a lower maximum light
intensity for excitation due to constraints in technology. Rapid advances in LED technology have
allowed M-PEA to achieve saturating light intensities of up to 5000 pumoles m2 s from a single
LED.

1.2.33 Fv

Fv

The Fv parameter indicates the variable component of the recording and relates to the maximum
capacity for photochemical quenching. It is calculated by subtracting the Fo value from the Fm
value.

1.2.3.4 Fv/iFm

Fv/

Fv/Fm is a parameter widely used to indicate the maximum quantum efficiency of Photosystem Il.
This parameter is widely considered to be a sensitive indication of plant photosynthetic
performance with healthy samples typically achieving a maximum Fv/Fm value of approx. 0.85.
Values lower than this will be observed if a sample has been exposed to some type of biotic or
abiotic stress factor which has reduced the capacity for photochemical quenching of energy within
PSIl. Fv/Fm is presented as a ratio of variable fluorescence (Fv) over the maximum fluorescence
value (Fm).

1.2.3.5 Tfm

Tfm

Tfm is a parameter used to indicate the time at which the maximum fluorescence value (Fm) was
reached. This parameter may be used to indicate sample stress which causes the Fm to be
reached much earlier than expected.

© 2017 Hansatech Instruments Ltd
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1.2.3.6 Area & Partial Area

Area

The area above the fluorescence curve between Fo and Fm is proportional to the pool size of the
electron acceptors Qa on the reducing side of Photosystem Il. If electron transfer from the reaction
centres to the quinone pool is blocked such as is the mode of action of the photosynthetically
active herbicide DCMU, this area will be dramatically reduced.

The Area measurement is a very useful parameter as it highlights any change in the shape of the
induction kinetic between Fo and Fm which would not be evident from the other parameters e.g.
Fo, Fm, Fv/Fm which only express changes of amplitude of the extreme Fo and Fm. An example of
its use would be following the time dependence of herbicide penetration into the leaf by following
changes in the induction kinetic with time.

Partial Areas
M-PEA also allows the calculation of Partial Areas. These are calculated using the Time Marks at
which fluorescence values are taken for incorporation into OJIP calculations.

M-PEA Plus will calculate a number of different Partial Area parameters which may be selected by
clicking the Partial Areas button found in the Parameter View Parameters dialogue box (accessed
from the Tools > Parameter View Parameters menu option).

The available Partial Area calculations are as follows:

Time Mark (to - from) Parameter (to - from)
F1-F3 Fo - Fk

F1-F4 Fo - Fj

F1-F5 Fo - Fi

F-F4 Fk - Fj

F4 - F5 Fj - Fi

F5-Fm Fi- Fm

1.2.3.7 Timemarks

Prompt Fluorescence Parameters

Time Marks Parameters
The M-PEA Plus software extracts chlorophyll fluorescence values from the recorded data from M-
PEA at 5 user-defined Time Marks. The default times are:

© 2017 Hansatech Instruments Ltd
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T1= 50 microseconds

T2= 100 microseconds

T3= (K step) 300 microseconds
T4 = (J step) 2 milliseconds

T5 = (I step) 30 milliseconds

The Time Marks themselves are denoted on the PF & Ch2 tab graph by the presence of pale blue
vertical lines.

M-PEA Plus uses the chlorophyll fluorescence values at these default Time Marks to derive a
series of further biophysical parameters, all referring to time base 0 (onset of fluorescence
induction), that quantify the Photosystem Il behaviour for (A) The specific energy fluxes (per
reaction centre) for:

Absorption ( Abs/RC)

Trapping (TRo/RC)

Dissipation (DIo/CS)

Electron transport (ETo/RC)

and (B) the flux ratios or yields:

Maximum yield of primary photochemistry (6 Eo = TRo/ABS)

Efficiency (@ o=Eto/Tro) with which a trapped exciton can move an electron into the electron
transport chain further than QA-

Quantum yield of electron transport (Eto/CS)

The concentration of active PSIl reaction centres per excited cross section (RC/CS) is also
calculated.

Please note that if the default Time Mark settings are altered, the parameters described above
will not be valid.

Time Marks may be edited so that Partial Area calculations of the area above the fluorescence
curve between Time Marks may be made. To edit the default Time Mark settings, select the Tools
> Edit Time Marks menu option to open the following dialogue box:
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& T
Time Mark Setting‘ ﬁ
Time b ark 1 S0usz j Defaults

TimeMark 2 |100us j

Time Mark 3 |300us ﬂ

T

TimeMark 4 [20ms j e

Time Mark 5 0ms | = Help

Use the spin boxes to set the Time Marks to the required values. Default values may be reloaded
at any time by pressing the Defaults button.

1.2.3.8 OJIP Analysis

Prompt Fluorescence Parameters

Performance Index Parameters (OJIP Analysis)
The Performance Index is essentially an indicator of sample vitality. It is an overall expression
indicating a kind of internal force of the sample to resist constraints from outside. It is a Force in
the same way that redox potential in a mixture of redox couples is a force. Exactly the Pl is a force
if used on log scale. Therefore we say:

log Pl = Driving Force DF

The Pl or Performance Index is derived according to the Nernst equation. It is the equation which
describes the forces of redox reactions and generally movements of Gibbs free Energy in
biochemical systems. Such a force (or potential = force) is defined as:-

Potential = log x/(1-x)

where x is the fraction of a partner in the reaction A to B. Therefore:
X=A /(A + B)

and if you now convert to:
X/(1-X)=A/B

or for redox reactions
log (red)/(ox)
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18 M-PEA Manual

Now the total potential in a mixture is the sum of the individual potentials or:
Potential total = log X1/(1-X1) + log X2/(1-X2) ....,etc

In our case PI (on an absorption basis or on a chlorophyll basis) has three components:

The first component shows the force due to the concentration of active reaction centers

X1 = RC Chlorophyll per total chlorophyll = CHL(RC)/CHL(total)

therefore:
X1/(1-X1) = CHL(RC) / ( CHL(tot) - CHL(RC)) = CHL(RC) / CHL(antenna) = RC/ABS

RC/ABS is a parameter of the JIP test and it is related to the force generated by the RC
concentration per antenna chlorophyll.

The second component is the force of the light reactions, which is related to the quantum
yield of primary photochemistry:
PHI(Po) = maxTrapping / Absorption = TRo/ABS = Fv/Fm
The Driving force of the light reactions is therefore:

DF(PHI(Po)) = log PHI/(1 - PHI) =log (Fv/Fm) / ( 1 - Fv/Fm) = log Fv/Fo = log kP/kN

The third component is the force related to the dark reactions (after Qa-). These are normal
redox reactions in the dark.

Expressed by the JIP-test as:-
psi(o) = ETo/TRo = (1 - Vj)

Where Vj = relative variable fluorescence at 2 ms or at the step J therefore:
Vj = (Fj - Fo)/(Fm - Fo) and psi(o) =1 - Vj = (Fm - Fj) / (Fm - Fo)

Therefore the force of the dark reactions is:
DF(psi) = log psi/(1-psi) = log (1-Vj)/Vj

Now all three components together make:
DF (total on a chl basis) = DF(RC) + DF(phi) + DF(psi)

or without log
Pl(abs) = RC/ABS * PHI/(1-PHI) * psi/(1-psi)

or in fluorescence terms:
Pl(abs) = (Vj / (dV/dto))* Fv/Fm * (Fv/Fo) * (Fm-Fj)/(Fj-Fo)

A more detailed derivation and explanation is beyond the scope and intention of this document.
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Further detailed information may be obtained from the following publications which may be
downloaded as PDF documents from the following links.

R.J. Strasser, A. Srivastava and M. Tsimilli-Michael

The fluorescence transient as a tool to characterize and screen photosynthetic samples.

Strasser, R.J., M. Tsimilli-Michael and Srivastava, A.
Analysis of the Fluorescence Transient.

Alternatively, please see the JIP-Test section of the website for the Laboratoire de Bioénergétique
et de Microbiologie, University of Geneva for a good description of the Performance Index and
associated parameters.

1.3 Delayed Fluorescence

1.3.1 Overview
Overview

The delayed fluorescence emission, natural to all green plants, has been known to scientists for
over fifty years. Delayed fluorescence (DF) has much in common with prompt fluorescence (PF)
because it originates from the same chlorophyll molecules of the Photosystem Il antenna
complexes.

Like prompt fluorescence, the properties of the DF emission are highly sensitive to the functional
state of Photosystem Il and the photosynthetic reaction chain as a whole. Theoretically, DF bears
even more information about the photosynthetic processes than PF. Still, a fluorescence
measuring instrument can be found in almost every plant science research laboratory, while DF
has not gained much popularity as a practical method to study the photosynthetic organisms. One
reason for such injustice is that DF is harder to register than PF. But the greatest difficulty in using
DF is its interpretation, or extracting the valuable information from this extremely complex signal.

Fortunately, in recent years we've witnessed major advances both in development of electronic
engineering and also in the theory of DF measurements. We are more and more able to utilise DF
for practical scientific research. It is the combination of these 2 factors that has lead to the
development of M-PEA.

1.3.2 Whatis Delayed Fluorescence?

What is delayed fluorescence?

Delayed fluorescence, which is also called delayed luminescence, delayed light emission, or
afterglow, is the extremely weak light emitted by preilluminated photosynthetic samples.

This phenomenon was discovered by Strehler and Arnold (1951) and was related by them with the
processes of photosynthesis. The authors postulated that it is in fact chemiluminescence of the
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chlorophyll, caused by reversal of the photosynthetic reactions. The close relationship between DF
and the photosynthetic reactions was confirmed undoubtedly in many studies and sometimes DF
was found even more sensitive than the prompt fluorescence (Kramer and Crofts, 1996).

These reviews are also recommended for further reading: Goltsev et al. (2009), Lavorel et al.
(1986), Jursinic (1986), Radenovic et al. (1994).

Mechanism of delayed fluorescence

Similar to PF, DF is emitted by the chlorophyll a molecules in the PS2 antennae. For that reason, DF
has virtually the same spectral properties as PF and it is not possible to separate PF and DF by
optical filters. However, when the illumination of the sample is stopped, PF vanishes almost
instantly (in a matter of nanoseconds) while DF can be detected seconds, minutes, or even hours
later.

According to the recombination theory, the primary excited state of the pigments is converted into
a meta-state, which has lower energy and longer lifetime. If this process is reversed, the meta-
state can re-excite the pigment and a quantum of delayed fluorescence can be emitted by the re-
excited molecule. In Photosystem 2, the excited reaction centre P680 reduces pheophytin which
then transfers the electron to QA. At this step, part of the energy is lost, and the charge
separation is stable - this is the meta-state.

There is certain probability that the electron transfer is reversed and the electron is returned on
P680 — charge recombination. The energy released in the charge recombination can excite P680
and the excited pigment can emit a photon of delayed fluorescence.

Kinetic components of delayed fluorescence

At each moment, the DF intensity is determined by the number (concentration) of reaction centres
in a state capable of producing charge recombination. The kinetics of the DF decay follows the
depletion (deactivation) of these states:

dc; / dt = -k; c,
or, in integral form:

t

i’

— -k
c;(t) =cqye

where ci is the concentration of reaction centres in the i-th state and ki is the sum of the rate
constants of the forward and reverse electron transfer reactions of this state.

The DF intensity can then be expressed as a sum of exponents (Lavorel, 1975):
L(t) =21, e?d

where Li is the amplitude and & is the characteristic time of the i-th component.
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The afterglow of a leaf put in darkness is not constant but decays in time with the depletion of the
meta-states accumulated during the illumination. There can be many different meta-states
depending on the distance that the charges have travelled from the reaction centre pigment
before returning back. The longer is that distance, the lower is the energy of the state, and the
longer is its lifetime. Because of that, the DF decay is a complex time function with characteristic
times in nanoseconds, microseconds, milliseconds, and so on. The DF registered in different time
windows reflects different steps of the photosynthetic process. The most commonly registered,
and the one registered by us, is the millisecond DF, which is a product of the charge
recombination between Z+ and QA-.

1.3.3 How DF is Measured

How DF is Measured

When compared to the prompt fluorescence signal, delayed fluorescence signals are minute and
hardly detectable using conventional methods. The standard prompt fluorescence detector used
by M-PEA is not sensitive enough to pick up the minute signal associated with DF. Therefore, M-
PEA is equipped with a highly sensitive Avalanche Photodiode which is used in the M-PEA
exclusively for the measurement of the delayed fluorescence signal.

At the point where a DF recording is required, M-PEA employs highly sophisticated electronics to
rapidly switch off the standard prompt fluorescence photodetector whilst simultaneously
activating the Avalanche photodiode to record the DF signal.

The Variable Prompt Fluorescence Data Acquisition Rate.
Before the methods of DF measurement are explained, it is important to understand the way in
which M-PEA records the prompt fluorescence signal.

M-PEA employs a variable data acquisition rate for prompt fluorescence detection consisting of 7
individual sampling rate "ranges" throughout the different phases of the Kautsky induction kinetic.

Initially, data is sampled at 10 us intervals for the first 300 puseconds. This provides excellent time
resolution of Fo and the initial rise kinetics. The time resolution of data acquisition is then
switched to slower sampling rates as the kinetics of the fluorescence signal slow. This process
provides excellent time resolution of the overall measurement whilst minimising the final M-PEA
data file size.

The table below shows data acquisition rates used for each range.

No. of PF Total

Range Data Interval Time
Points Elapsed

30 10 pus 300 pus

27 100 ps 3 ms
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3 27 1ms 30 ms
4 27 10 ms 300 ms
5 27 100 ms 3s
6 27 1ls 30s
7 27 10 s 300 s

e.g. A 1 second duration recording will comprise: 30 + 27 + 27 + 27 + 7 = 118 data points.
A 300 second duration recording will comprise: 192 data points.

DF Between PF

When M-PEA is configured to measure DF in Multi mode (please refer to the Protocol Options
dialogue section for further information), M-PEA automatically switches off the actinic PF
measuring light at regular intervals between prompt fluorescence data points throughout the
prompt fluorescence acquisition.

During the first range of variable data acquisition, no DF measurements are taken as the time
interval between PF data points of 10 puseconds is insufficient. During range 2 which has an
interval of 100 pseconds between PF data points, M-PEA switches off the light immediately after
the first PF data point in the sampling range and records a maximum of 9 DF data points at 10
psecond intervals before the actinic light is switched on again for the next PF data point. M-PEA
records a further 3 PF data points before again switching off the light for a further set of DF data
points.

The following table shows the DF sampling regime across all 7 variable PF acquisition ranges.

Max. No. DF Measured Max. Actinic Off

Rang PF Sampling after every x

. Regime of DF Data PF Data Duration for DF Acquisition Rate
8 Points . y Each DF Set
Points

30 samples at 10 DF not DF not DF not

1 } DF not measured
pusecond intervals || measured measured measured

2 27 samplgs at 100 9 4 90 pseconds 9 points at 10 us
usecond intervals

3 27 samp!es at1l 36 4 900 pseconds 30 pglnts at 10 ps,
msecond intervals 6 points at 100 us

4 27 samplfes at 10 50 1 73 mseconds 30 pqlnts at 10 ps,
msecond intervals 20 points at 100 us

© 2017 Hansatech Instruments Ltd



Introduction to M-PEA 23

30 points at 10 ps,
77 1 23 mseconds 27 points at 100 ps,
20 points at 1 ms

27 samples at 100
msecond intervals

30 points at 10 ps,
27 samples at1l 104 1 930 mseconds 27 pom.ts at 100 ps,
second intervals 27 points at 1 ms

20 points at 10 ms

30 points at 10 ps,
27 points at 100 ps,
131 1 2.3 seconds 27 points at 1 ms
27 points at 10 ms
20 points at 100 ms

27 samples at 10
second intervals

The signals recorded during these DF periods are plotted in the DF Decay analysis tab in M-PEA
Plus. In addition, signals are also plotted using an alternative data analysis technique in the DF
Induction tab.

Single DF

When M-PEA is configured to measure DF in Single mode (please refer to the Protocol Options
dialogue section for further information), M-PEA makes a 5 second DF recording when the actinic
illumination is switched off at the end of a prompt fluorescence acquisition. As with Multi mode
DF, signals recorded in Single mode are plotted in the DF Decay analysis tab in M-PEA Plus.

1.4 P700 Absorbance

1.4.1 Introduction to P700 Absorbance Measurements

The photosynthetic electron transport chain consists of 3 large protein complexes:
e Photosystem Il (PSII)

e Cytochrome (cyt bg/f
¢ Photosystem | (PSI)

P700 is the term used to describe the chlorophyll within the reaction center of PSI as this is the
wavelength of light to which the photosystem is most reactive.

Upon illumination using a strong light source, the photosynthetic electron transport chain is
almost entirely reduced. The electrons from this reduction in turn activate the enzyme ferredoxin-
NADP+ reductase which leads eventually to NADP reduction and CO2 fixation.

This initial reduction process is represented by the O-J-i-P steps of the Kautsky induction curve
during prompt fluorescence measurements.

© 2017 Hansatech Instruments Ltd



24 M-PEA Manual

The oxidation of P700 causes an increase in absorbance at wavelengths falling in the 800 - 850nm
band. M-PEA measures the transmission of P700 using a modulated LED with a peak wavelength
of 820nm and a highly sensitive photodiode to monitor the absorbance of the PSI complex during
prompt fluorescence measurements. Since the 820nm LED is not actinic, M-PEA is able to use high
light intensities without disturbing the PSIl complex. Therefore, M-PEA presents a convenient,
reliable method of measuring chlorophyll a fluorescence and transmission at 820nm
simultaneously, thus allowing the study of the electron transport process during the Kautsky
induction at both end of the photosynthetic electron transport system.

M-PEA is also fitted with a far-red light source which can be used to preferentially excite the PSI
complex. Re-reduction occurs via the intersystem electron transport chain by PSII activity, with
electrons originating from hydrolysis.

1.5 Relative Absorptivity (RA)

15.1 Relative Leaf Absorptivity Measurements

The M-PEA-2 variant of the system is fitted with a relative absorptivity detector which provides an
indicator of leaf "greenness" which can in turn, be used as an indicator of relative chlorophyl|
content.

M-PEA-2 takes absorbance readings from all 3 light sources (actinic, far-red and 820nm
modulated) to derive the RA parameter.

1.6 Sample Dark Adaptation
1.6.1 Why Dark Adapt?

Why Dark Adapt Samples?

In prompt chlorophyll fluorescence measurements, one of the main objectives is to determine the
maximum performance of the PSIl photosynthetic apparatus. To achieve this objective, we must
(prior to any measurements taking place) dark adapt the samples.

During the dark adaptation process, all the reaction centres within the PSIl complex become fully
oxidised and available for photochemistry. Any latent fluorescence yield is quenched.

The oxidation of all reaction centres is necessary in order to ensure that the absolute maximum
performance of the PSIl complex can be probed. Contrary to popular belief, this is true for ALL
chlorophyll fluorimeters; modulated and non-modulates systems alike, that measure the maximum
photochemical efficiency of PSII (Fv/Fm).
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1.6.2 How to Dark Adapt Samples

How to Dark Adapt Samples.
M-PEA is supplied with a set of specifically designed sample leafclips to facilitate the sample dark
adaptation process. The features of the leafclips are highlighted in the following diagram.

e A: White plastic leafclip body.

e B: Leafclip shutter blade in closed position.

C: Optical Sensor locating ring.

D: 4mm diameter sample measuring area.

E: Foam padding for sample protection and support.
F: Leafclip spring.

The leafclips have small shutter plates which should be closed over the leaf when the clip is
attached so that light is excluded and dark adaptation takes place. The body of the clips are
constructed from white plastic to minimise the effects of heat build-up on the leaf during the
period when the clip is in place. The locating ring section of the clip which interfaces with the M-
PEA Optical Sensor is constructed from black plastic. This ensures that the measurement is
unaffected when measuring during conditions of high ambient light intensity. The leaf or needle
rests on a foam pad whilst in the clip in order to minimise damage to the structure of the leaf. The
shutter plate should be closed to exclude light from the sample during dark adaptation.

During dark adaptation, all the reaction centres are fully oxidised and available for photochemistry
and any fluorescence yield is quenched. This process takes a variable amount of time and
depends upon plant species, light history prior to the dark transition and whether or not the plant
is stressed. Typically, 15 - 20 minutes may be required to dark adapt effectively. In order to reduce
waiting time before measurement, a number of leaves may be dark adapted simultaneously using
several leafclips.
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1.6.3 Calculating Required Dark Adaptation Time

Calculating Required Dark Adaptation Time.

The time required for dark adaptation may be determined experimentally by following the
guidelines below:

e Place a leafclip on the sample and allow 5 minutes for dark adaptation.

e Using the M-PEA Protocol Editor, configure the M-PEA for 1 record with Channel 2, DF, Far-red
and Repeats disabled. Set the measurement duration to 1 sec (118 data points) with maximum
illumination intensity (5000pumoles m™2 s) and disable pre-illumination. Upload this protocol to
M-PEA and press 'Go' on the M-PEA Plus toolbar to activate the measurement. (please refer to
the Protocol Editor section for further details on using this feature)

Once the record is complete, download the measurement to the M-PEA Plus software and make
a note of the Fv/Fm value.

Re-dark adapt the sample, this time for 10 minutes.

Perform another measurement, again noting the Fv/Fm value.

Repeat this procedure dark adapting the sample longer by an increment of 5 minutes each time.
When the Fv/Fm value does not increase any further, use the dark adaptation time where the
highest Fv/Fm result was observed as shown in the following table.

Time (mins) 5 10 15 20 25 30

Fv/Fm 0.70 0.78 0.83 0.83 0.81 0.83

In this table, the highest Fv/Fm reading was observed at 15 minutes. Subsequent dark adaptation
durations yielded no further increase in value. Therefore, using a dark adaptation period of 15
minutes would be sufficient to fully dark adapt this particular sample with no advantage being
gained from allowing further time.
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2 Components of M-PEA
2.1 What's in the Box?

What's in the Box?

The M-PEA is supplied as a complete system with the exception of a suitable PC for remote
operation of the control unit. The following items are included:

e M-PEA control unit.

o M-PEA optical sensor unit.

e Sensor connection cable.

e USB connection cable.

e Sensor unit tripod.

Pack of 10 M-PEA leafclips.

Relative Absorptivity calibration standard.

12V DC power supply and mains electricity cable.

e M-PEA+ Software and manuals on CD ROM.

Please take a moment to check that you have all the items listed above before starting initial
setup and configuration of the M-PEA. Please contact Hansatech Instruments if anything from the
above list is missing.

Additional Requirements Not Supplied

To operate M-PEA, a Windows® PC is required. The M-PEA+ software is compatible for operation
on desktop, laptop and netbook-type PC's and the only minimum requirement is a USB port. M-PEA
+ will run on all versions of Windows® operating systems from Win95 onwards.

2.2 The Control Unit

The M-PEA Control Unit

The control unit is of convenient size (230 w x 190 d x 85mm h; weight 1.4kg) with minimal
footprint allowing measurements to be made in a busy lab environment where bench space is
critical. The front panel consists of a power switch and indicator LED, optical sensor connection
and a 4 line LCD display. The rear panel provides input for a 12V DC power supply and a USB2.0
connection socket for interface to the M-PEA+ software running on a Windows® PC.

The M-PEA is a highly sophisticated design with a high performance 16 bit microcontroller and an
enhanced flash 8 bit controller. It has dual measurement channels; 1 modulated and 1 non-
modulated with a 16 bit resolution A/D convertor and a 10us data acquisition rate. Measured
signals are continuously saved to 32 Mb of internal memory.

The light sources in the M-PEA sensor unit are controlled by dual 16 bit D/A light source
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The main features of the M-PEA control unit front panel are as follows:
e A: Power on/off.

e B: Power indication light.

e C: LCD display.

e D: Optical sensor connection.
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Rear Panel
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The main features of the M-PEA control unit rear panel are as follows:
e A: 12V DC power supply connection.

e B: fuse.

e C: USB2.0 connection.

e D: Model and serial number details.

29
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2.3 The Optical Sensor
2.3.1 The Optical Sensor

The M-PEA Optical Sensor Unit

The optical sensor unit is a robust enclosure designed to incorporate sophisticated electronics
which effectively controls all of the light sources and detectors. The M-PEA-1 sensor unit includes
a high intensity red actinic source, a far-red light source, the prompt fluorescence detector and the
modulated emitter/detector pair for P700+ absorbance measurements. M-PEA-2 additionally
includes a high sensitivity delayed fluorescence detector and a detector to measure leaf
absorptivity.

All the optics are located behind a quartz window which seals the sensor unit providing effective
protection for the optical assemblies against dust, dirt and moisture.

M-PEA-1 Illumination Sources

« Actinic: Focused ultra-bright LED (dominant & 625nm) with NIR short pass cut-off filter with a
maximum intensity 5000 umols m? s!

« Far-red: Focused ultra-bright LED with long pass filter. Max. intensity > 1000 pumols m?2 st

« P700+: Optically filtered pulse modulated 820nm LED. Intensity 0 - 100% in 1% steps.

M-PEA-1 Detectors

e Prompt fluorescence: Low noise, fast response PIN photodiode with 730nm (+ 15nm) bandpass
filter.

e P700+ fluorescence: Low noise, fast response PIN photodiode with optical bandpass filter.

M-PEA-2 [llumination Sources
As in M-PEA-1 sensor unit.

M-PEA-2 Detectors

As in M-PEA-1 but with the following additional detectors:

e Delayed fluorescence: High sensitivity wideband avalanche photodiode with 730nm (+ 15nm)
bandpass filter.

e Leaf absorptivity: Low noise, fast response PIN photodiode
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2.3.2 Optical Sensor Features

The main features of the M-PEA optical sensor are as follows:
e A: Dark adaptation leafclip.

e B: Optical sensor unit.

e C: Connection cable.

e D: Tripod.

e E: Sample.

2.3.3 Emitter/Detector Orientation

Emitter Detector Orientation
On the photograph below, the Optical Sensor is orientated with the comms LED on the rear of the
Optical Sensor at the bottom.
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A G

The diagram above shows the positions of each of the emitter and detector assemblies in the M-
PEA optical sensor unit. This particular image shows the M-PEA-2 variant which includes all
possible emitter/detector arrays.

e A: P700+ emitter.

B: P700+ detector.

C: Prompt fluorescence detector.

D: Delayed fluorescence detector.

E: Relative absorbance detector.

F: Far-red emitter.

G: Actinic LED.

The M-PEA-1 variant appears identical with the exception that the delayed fluorescence emitter/
detector array and relative absorbance detector are not included:
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3 Setting Up M-PEA
3.1 Connecting the Optical Sensor

Connecting the Optical Sensor to the Control Unit

The M-PEA control unit and optical sensor are linked together by a shielded IEEE 1284 (IE-223)
Type A - Type B cable.

e A: Connects to the Optical Sensor.

e B: Connects to the Control Unit.

Please ensure the cable is securely connected at both ends as misconnection disables the M-PEA
completely.

3.2 Rear Panel Connections

Making the Connections on the Rear Panel of the Control Unit

Connect the power supply and USB cable to the connections on the rear panel of the control unit
as shown in the diagram below:
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e A: 12V DC power supply connection.
e B: fuse.

e C: USB2.0 connection.

e D: Model and serial number details.

With the USB2.0 cable connected to the M-PEA control unit, connect the other end of the cable to
an unused USB port on your PC.

Provided you have already installed the M-PEA Plus software on your PC, the drivers for the
system should recognise the system and configure the PC correctly. For information on
troubleshooting connection problems, please click here.

3.3 Calibrating for RA Measurements

Calibrating M-PEA for Relative Absorptivity Measurements

This procedure is relevant to M-PEA-2 variant only.

Although the M-PEA is calibrated for relative absorptivity measurements before leaving the
factory, Hansatech Instruments provide a calibration standard should you wish to re-calibrate the
M-PEA optical sensor at any time.
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Munsell color

naxrite

Initiating the RA calibration can be performed either by clicking the RA Calibration Toolbar button
or by selecting M-PEA > RA > Calibrate from the menu. M-PEA Plus will first prompt to place the
white reflectance standard in an M-PEA leafclip. Ensure the shutter blade on the leafclip is open
and position the leafclip on to the M-PEA optical sensor. Press OK on the M-PEA Plus dialogue.

M-PEA Plus will switch on each of the 3 light sources in turn (actinic, modulating and far red) and
measure the reflected signal from the standard. These 3 values are stored in the M-PEA itself.

¥ calibrated Actinic light
¥ calibrated Far Red light

[T cCalibrated Modulating light

[T Actinic Black Complete

[T Far Red Elack Complete

T Modulating Black Complete

Once the M-PEA has obtained values using the white reflectance standard, M-PEA Plus will
prompt to place the black standard in the leafclip. Once again, ensure the leafclip shutter blade is
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open and press OK on the M-PEA Plus dialogue. M-PEA will follow the same procedure as before
and store the recorded values in memory.

3.4 Ch2 Mod LED Setup

Ch2 Mod LED Setup

[ ch2 (MOD) LED Setup - eS|

v

Cancel

To access the Ch2 Mod LED setup dialogue, select the respective Toolbar button or M-PEA > Mod
LEAD Setup from the menu. This control allows the Ch2 modulating LED to be pre-configured (i.e.
independently of any protocol control) allowing the sample to be pre-conditioned to the mod LED
prior to measurement.

The LED is enabled by checking the checkbox with the intensity of the LED configured using the
slider to set between 0 and 100% of maximum light intensity (default setting is 50%).

3.5 Troubleshooting USB Connection Problems

The USB connection between the M-PEA control unit and the PC should, in most cases, be trouble
free. However, due to the growing number of variables in PC hardware configurations, some
issues with the required USB2.0 drivers may arise.

Should you experience difficulties in connecting the M-PEA to the PC, please read the following
notes.

PC's with Windows XP

The required drivers for PC's with Windows XP installations are installed along with the M-PEA
Plus software. However, if you are having difficulties connecting to M-PEA, please download the
communications drivers package from this link.

PC's with Windows 7

Windows 7 will automatically install the necessary drivers for M-PEA when the USB cable is
connected and the control unit is powered on. If you are having difficulties connecting to M-PEA,
please download the communications drivers package from this link.

If you are still unable to connect to the M-PEA, please submit a support request at our Technical
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Support Portal or contact us by email.
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4 M-PEA+ Software

4.1 Introduction

M-PEA Plus is a custom Windows® software package created for experimental design and
deployment and comprehensive analysis of recorded data. M-PEA Plus consists of 2 main
elements:

e M-PEA Plus Protocol Editor.

The protocol editor allows the creation of experiments for deployment on the M-PEA system.
Experiments can range in complexity from a simple 1 second prompt fluorescence measurement
through to repeating, multi-flash measurements using prompt and delayed fluorescence, P700+
and relative absorptivity to probe the activity of PSI and PSIl complexes within the photosynthetic
apparatus.

Please refer to the Protocol Editor section for further information.

e Data analysis modules.

Once recorded data is downloaded into M-PEA Plus software from the control unit, a series of tabs
are displayed within the main interface; each of which plots the downloaded data in a different
way. These tools consist of a variety of graphical and numerical data display methods which are
explained in subsequent sections of this manual.

4.2 Operating M-PEA
4.2.1 Protocol Editor

4.2.1.1 Introduction

Introduction to the Protocol Editor

The M-PEA measurement process is operated exclusively via the use of user-defined protocols.
The M-PEA Plus protocol editor allows complex measurement assays to be structured using a set
of comprehensive control interfaces which allow all aspects of the measurement process to be
defined in great detail.

The protocol editor allows a huge degree of flexibility in defining protocols from simple 1 second

prompt fluorescence measurements to determine the Kautsky Induction through to highly complex
experiments lasting several hours to provide in-depth analysis of the sample using PF, P700+ and

delayed fluorescence (DF) techniques simultaneously.

Please note that many of the Protocol Editor settings require the M-PEA control unit to be
connected to the PC and powered up with communications between M-PEA Plus software and the
M-PEA control unit successfully established.

The following sections describe the features and functionality of the M-PEA Plus Protocol Editor.
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e Options
e Setting Up DF Samples for Multi Mode
e Light Table

To open the Protocol Editor, click the Protocol Editor Toolbar button or select M-PEA > Protocol
Editor from the menu.
() m-pes Protocol - Uit 1] =

| [J File Tools View Window Help _ =]l

C=E=E & 7

A | Options. i
5 i | m-pea Protocol
= !

Title

Protocol
D | Acquisitions 1

Channel 2 Always Off

DF Points: NA

Aquisition Table

Cha 'Pre’ Acquisition Acquisition
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e A: Protocol Options.
Click this button to open the Protocol Options configuration dialogue.

e B: Protocol Light Table.
Click this button to open the Protocol Light Table configuration dialogue.

e C: Upload Protocol.
Once the protocol has been defined, use this button to upload the protocol to the M-PEA control
unit.

e D: Protocol Information.
Full details of the current protocol are displayed in this area.

© 2017 Hansatech Instruments Ltd



42 M-PEA Manual

e E: Set to Defaults
Clicking this button loads the default protocol which is a 1 second prompt fluorescence
measurement at 3000 umoles/m2/s™.

e F: Print
Click this button to print out the protocol information.

4.2.1.2 Protocol Editor Options

Protocol Editor Options

The Protocol Options dialogue is the first stage in setting up a M-PEA measurement protocol.
Within this dialogue, elements such as the number of records and the different signals that are to
be measured may be defined. Light levels used to measure the required signals are configured in
the Light Table stage of the protocol editor.

The following diagram describes the features and functionality of the Protocol Options dialogue.
L M

Light Table J

~Repeat Table Setup - = =
RA Measurement [~
~Details
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\‘DF " Mo of Repeats | 2 _%‘ times

| ¥ Enable Total No of Recordings | 16

T

-
Intensity 1 50 _jQ % Setup DF Points

Lo 0/8f36/50/77/104/131

rInterval Setup -

Duration Between Repeats | 100 =
- Units of Time ~ Total Tme | Approx 2.2 seconds

'Pre’ Acquisition & Repeat Tlumination |2

®ms  Csec {7 omin
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e A: Protocol Title.
Use this input to enter a descriptive title for the protocol you are defining. Once the protocol is
uploaded to the M-PEA, the protocol title will be displayed on the LCD display of the control unit.

e B: Number of Records.

Use this spin box to allocate the number of records to be taken by M-PEA. The maximum number
of records that can be configured is 20. However, more records are possible (up to a maximum of
100) using Protocol Repetitions.
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e C: Enable DF Measurements.
Use this checkbox to enable delayed fluorescence (DF) measurements during the protocol. M-PEA
Plus will ask you if you to select one of 2 types of DF setting:
e Multi: When set to multi, DF measurements are taken at regular dark phase intervals
throughout the prompt fluorescence measurement resulting in dark drops.
e Single: When set to single, M-PEA takes a single 5 second DF measurement at the end of the
prompt fluorescence measurement once the actinic illumination is switched off.

For further information on how M-PEA measures DF, please refer to the How DF is Measured
section.

e D: Configure DF Samples for Multi Mode Operation.
Clicking this button opens the "Setup DF Samples" dialogue box. Please refer to the Setting Up DF
Samples for Multi Mode section for further information.

e E: Enable Channel 2.
Enables Channel 2 measurements for all records in the protocol. In the Light Table dialogue,
Channel 2 measurements may be disabled for individual records as required.

e F: Intensity of Channel 2 Modulating LED.
Use this spin box to configure the intensity of the Channel 2 modulating LED as a percentage of
the maximum LED intensity. The default setting is 50% intensity.

e G: Enable Channel 2 Measurements During DF Recording.

Enabling this control will cause the Channel 2 (P700+) LED to continue to modulate during DF dark
phases. In many cases, this is not desirable as it creates noise on the DF trace. However, enabling
this feature allow the analysis of P700+ activity during dark periods throughout the Kautsky
Induction.

e H: Current Configuration of DF Samples for Multi Mode Operation.

Displays how many DF samples are taken during each dark phase for each individual range of
variable data acquisition rate used by M-PEA. These sample numbers are configured by clicking
the "Setup DF Points" button.

e |: Enable Far Red LED During Pre-acquisition.

Enabling this control switches the far red LED on during pre-acquisition periods (i.e. determined
period of time prior to a PF measurement). This will have the effect of preferentially exciting the
PSI complex over PSII which allows the PSII complex to re-oxidise at a faster rate.

e J: Enable Far Red LED During PF Acquisition.

Enabling this control switches the far red LED on during the prompt fluorescence acquisition
periods. This is more to monitor the effects on the P700+ signal since the presence of far red
during a PF recording will overscale the PF detector.
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e K: Configure Units of Time Used for Pre-acquisition and Protocol Repeats.

Sets the units of time used when configuring pre-acquisition and protocol repetition interval
durations.

e L: Enable RA (Relative Absorptivity) Measurement.
Enabling this control configures M-PEA to take a relative absorptivity measurement at the end of
the experiment. The results of the RA measurement are displayed in the Protocol tab.

e M: Configure Protocol Light Table.
Opens the Light Table configuration dialogue. Please refer to the Light Table section for further
information.

e N: Enable Protocol Repeats.
Enabling this feature allows the protocol to be repeated a pre-determined number of times. Please
note that the maximum number of records that can be taken is 100.

e O: Number of Protocol Repeats to Perform.

Use this spin box to select the number of times you wish the protocol to be repeated. Please note
that the maximum number of records that can be taken is 100. Should you select a number of
repetitions that would cause there to be more than 100 individual records, M-PEA Plus will notify
you of this and automatically reduce the number of repeats to bring the total number of recordings
back below 100.

e P: Total Number of Recordings for the Configured Number of Protocol Repeats.
Indicates how many individual recordings will be taken calculated from the number of records
defined multiplied by the number of repeats defined.

e Q: Duration between Protocol Repetitions.

In between each protocol repetition, M-PEA Plus allows a time interval to be configured. For
example, an experiment consisting of a single 60 second PF measurement can be set to repeat 48
times with an interval of 30 minutes. This would result in M-PEA taking a record every 30 minutes
over a 24 hour period.

e R: Total Experiment Execution Time.
The total time taken for the entire experiment to execute based on the number of protocol
repetitions and the interval between each protocol repetition.

e S: Intensity of Actinic lllumination During Protocol Repetition Intervals.
M-PEA Plus allows a level of actinic illumination to be applied during the protocol repeat interval.
This value is set in umoles/m2/s up to a maximum of 5000.
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4.2.1.3 Setting Up DF Samples for Multi Mode

Setting Up DF Samples for Multi Mode

- ™

| Range  pF Sampling Regime INo of S| | Off Duration !
[ 0 30samplesat 10us J 0 [ ous
|—1H 27 samples at 100us [ 8 = [ s8ous
]T 27 samples at 1ms [ 38 =] | 9006
]T 27 samples at 10ms | 5o = | 23ms

[ 4 27samplesat 100ms [ 77 = [ 23ms

[ 5 27samplesat isec | w4 = | 230ms
]T 27 samples at 10sec | 131 = | 23

Default ] Help | Cancel J Ok |

As described in the How DF is Measured section, M-PEA utilises a variable data acquisition rate
for the prompt fluorescence signal. At the beginning of the PF signal where the induction kinetics
occur, M-PEA samples at extremely high acquisition rates. These rates slow down across a set of
ranges as the PF levels begin to change less rapidly meaning that less data points are required to
obtain a good quality, noise free signal.

The actinic illumination is switched off and DF signals are initially recorded at 10 useconds
intervals between PF data points to ensure minimum disruption to the PF signal. This means that
due to the faster data acquisition rates at the start of the PF measurement (1 data point every 100
puseconds), M-PEA has less available DF sampling time than at the end of the PF measurement
when data points are taken much less frequently (1 data point every 10 seconds). Please refer to
the How DF is Measured section for full details on the variable data acquisition rate and how DF
samples are integrated.

The maximum number of DF data points that may be taken in each sampling range is determined
by the maximum amount of time the actinic light can be switched off whilst having minimal effect
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on the PF induction. In order to calculate the number of DF points that can be taken, M-PEA works
on the basis that the total off time of the actinic light within a PF sampling range should be no
more than 23% of the total range duration. This means that the average actinic light intensity of
the entire PF sampling range will be no less than 77% of the pre-configured PF measurement light
intensity.

The diagram above shows the default DF sampling configuration when the M-PEA is set to Multi
mode.

4.2.1.4 Protocol Editor Light Table

Protocol Editor Light Table

Within the Protocol Light Table dialogue, the light regime and signal acquisition types for each
individual record to be taken may be configured based on the options selected in the Protocol
Options dialogue. The light regime for each individual record can be vastly different to all other
records which allows a high degree of flexibility for complex experimental configurations.

The following diagram describes the features and functionality of the Protocol Light Table
dialogue.

Please note that light tables for protocols with more than 10 records enabled will be split across 2

pages. A new button will be displayed to the left of the Options button allowing navigation

between the 2 pages of settings. The Auto Fill setting affects both pages of a 2 page light table.
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e A: Record Number Column.
The number of the record within the protocol is displayed in this column.

e B: Channel 2 Measurement Enable/Disable Controls.

This column is only displayed in the light table if Channel 2 was enabled in the Protocol Options
dialogue. Unchecking any of the boxes in this column will disable the Channel 2 (P700+)
measurement in the corresponding record.

e C: Pre-acquisition Enable/Disable Controls.
The controls in this column are used to enable/disable pre-acquisition periods before each prompt
fluorescence data acquisition.

e D: Pre-acquisition Configuration Options.

[ ]

e E: Pre-acquisition Duration Setting.

Use the spin boxes in this column to configure the duration of pre-acquisition periods for each
individual record within the protocol. The duration units may be either mseconds, seconds or
minutes which can be defined in the Protocol Options dialogue.

e F: Pre-acquisition Illumination Intensity.

Each period of pre-acquisition for each individual record may be allocated a light level in umoles/
m2/s™. The pre-acquisition light level may be different for each record allowing light response
assays to be quickly and easily configured.

e G: Pre-acquisition Far Red Illlumination Intensity.

Pre-acquisition may be used to provide periods of far red illumination prior to a PF measurement.
This will have the effect of preferentially exciting the PSI complex over PSIl which allows the PSlI
complex to re-oxidise at a faster rate.

e H: Enable/Disable Prompt Fluorescence Measurement.
The controls in this column are used to enable/disable PF measurement for each individual record
in the protocol.

e |: Acquisition Configuration Options.
e J: Configure Protocol Options.

Opens the Protocol Options dialogue. Please refer to the Protocol Options section for further
information.

e K: Duration of the PF and Channel 2 Acquisition Phase.
This spin box allows the duration of the prompt fluorescence and channel 2 data acquisition phase
of each individual record to be configured.
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e |: Points.
Number of PF data points recorded in the PF and Channel 2 acquisition phase.

e M: PF Acquisition Illumination Intensity.

Determines the intensity in pmoles/m2/s* used for the prompt fluorescence measurement. This
value may be different for each individual record within the protocol. The maximum value
available is 5000 pmoles/m2/s1.

e N: Far Red LED Intensity During PF and Channel 2 Acquisition.

This control is only present if far red during acquisition has been enabled in the Protocol Options
dialogue. It is used to configure the required level of far red illumination during the PF and
Channel 2 acquisition phase. Please note that this feature should not be used when PF signals are
required since the presence of far red during a PF recording will overscale the PF detector.

e O: DF Measurement Mode.

This drop down menu is only present if DF has been enabled in the Protocol Options dialogue. It
allows the DF measurement mode to be switched between Single, Multi or Off for each individual
record within the protocol.

e P: Auto Fill Buttons.
For each column in the Light Table dialogue, there is an Auto Fill button at the foot of each
column. Clicking this will allow you to set the same column value for all records in the protocol.

4.2.1.5 Uploading a Protocol

Uploading a Protocol

Once a protocol has been configured, use the Upload button on the left panel of the Protocol
Editor to upload the protocol to the M-PEA control unit. Once the upload is complete, M-PEA plus
notifies of a successful upload and, if Channel 2 measurements were enabled, initiates the
modulating LED to the required setting as defined in the protocol.

The title defined in the protocol editor is displayed on the LCD screen of the M-PEA control unit.
Long protocol titles are scrolled on the control unit so that the full title may be read.

4.2.2 Making a Measurement

Making a Measurement

Once a protocol has been configured and uploaded to M-PEA, the experiment can be initiated in
either of 2 methods:

e The simplest method of initiating an experiment is to either click the "Erase Recordings and Run
Protocol" toolbar button or select M-PEA > Erase Recordings and Run Protocol from the menu.
This function will first erase previously recorded data from the M-PEA memory before running
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the protocol. For some, this may not be suitable since there is a delay between pressing the
record button and the beginning of the experiment itself. Due to the potential of M-PEA to
record large amounts of data, this delay could be as much as a few minutes.

o If the delay between activation and actual measurement is not suitable for the assay in
guestion, it is possible to erase previously recorded data from M-PEA before starting the
experiment. To do this, either click the "Erase Recordings" toolbar button or select M-PEA >
Erase Recordings from the menu. Once the M-PEA memory is cleared, the "GO" toolbar button
and M-PEA > Run Protocol menu option become clickable. Selecting either of these will initiate
the experiment immediately.

[}
Once the experiment is running, M-PEA generates the Measurement Progress indicator as shown
below.

Measure Progress
i

I ~Protocol -
Light Repsanse with Multi DF and P700+ Sampling

Description: 8 Acquisitions

Approximately 20 seconds remaining.

During the measurement, if M-PEA detects a low signal value, a warning is generated as in the
image below.

e e

WARMIMNG: Signal level Low

g

i

Please check clip and restart if necessary.

This warning serves as an indication of a possible problem with the measurement - for example,
as in the image below, a closed leafclip shutter may be causing the low signal flag. It is important
to note that the measurement will continue whilst this warning is displayed as the low signal may
be as a direct result of the experiment and therefore desirable.

Once the experiment is finished, M-PEA prompts to download the recordings to M-PEA Plus
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software. If you elect not to download the recordings, they will remain in memory until they erased
prior to another recording being taken. In this case, if another measurement is initiated or a data
erase command is made, M-PEA Plus recognises that data held in memory has not been
downloaded and provides the option to do so before erasing the data from memory.

4.2.3 Downloading Acquisitions

Downloading Acquisitions

Once a measurement has completed and the download data option has been selected, all
recorded data acquisitions are downloaded to M-PEA Plus software. A status indicator is displayed
in M-PEA Plus to show the progress of the data transfer. In addition, the LCD screen on the M-PEA
control unit displays an "Uploading" message indicating that data transfer is in progress.

The Summary tab is automatically displayed with all downloaded records selected. Individual
records are assigned default record ID references in the format described in the Record ID section.

4.3 M-PEA+ Features
43.1 The Toolbar

4.3.1.1 File and Record Controls

File and Record Controls
The main features and elements of M-PEA Plus software are activated using the toolbar.

B

f
ABC DE

e A: New
Creates a new data set.

e B: Open
Open an existing data set.

e C: Save
Save the active data set.

e D: Cut - Cut the selection and put it on the clipboard.
This control is active on the Summary tab only and is used to manage individual records within a
data set. Please refer to the Summary tab page for further details on the use of this control.

e E: Copy - Copy the selection and put it on the clipboard.
This control is active on the Summary tab only and is used to manage individual records within a
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data set. Please refer to the Summary tab page for further details on the use of this control.

e F: Paste - Paste clipboard contents.
This control is active on the Summary tab only and is used to manage individual records within a
data set. Please refer to the Summary tab page for further details on the use of this control.

e G: Print - Print the active document.
The print function generates a printout of the active data analysis tab. Further options for printout
configuration can be accessed from the File menu by selecting Print Setup.

4.3.1.2 Graph Controls

Graph Controls

The main feat ures and elements of M-PEA Plus software are activated using the toolbar.
B 8Y 7 | A - |l
ABCDEFGH

e A: Select signals to be displayed.

This control opens a dialogue containing options to display or hide signals that have been
recorded in the active data set. It is active on all 3 graph tabs and has different options depending
on which graph tab is selected. Please refer to the individual PF & Ch2, DF Decay and DF Induction
tab sections for further information.

e B: Toggle DF Inductance signal average.
This control is only active on the DF Induction tab. As the name suggests, DF Induction values are
averaged and re-plotted. Please refer to the DF Induction tab section for further information.

e C: PF smoothing options.

This control is active on both PF & Ch2 and DF Decay tabs where the prompt fluorescence trace is
displayed. Successive clicks of this control apply 2 increasing levels of mathematical smoothing to
the prompt fluorescence trace which serves to 'flatten out' the sharp signal drops which occur
during delayed fluorescence measurement periods. Please refer to the PF & Ch2, DF Decay tab
sections for further information.

e D: Cycle through the Channel 2 smoothing options.

This control is active on the PF & Ch2 tab where the P700+ activity trace is displayed. Successive
clicks of this control apply 3 increasing levels of mathematical smoothing to the P700+ trace
which serves to 'flatten out' spurious peaks and drops associated with electrical noise from the
P700+ detector. Please refer to the PF & Ch2 tab section for further information.

e E: View all DF Traces
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Returns to the default view of all DF traces when in the DF Decay and DF Induction tabs.

e F: Decrement DF trace to be displayed.

This control is active on the PF & Ch2, DF Decay and DF Induction tabs only and is used to scroll
backwards through individual DF/DF Induction traces on the graph axes. On the PF & Ch2 tab, the
dark phase during which the currently displayed DF trace was taken is highlighted in red (providing
the DF Time Bars are enabled - see below). Please refer to the PF & Ch2, DF Decay and DF
Induction tab sections for further details on the use of this control.

e G: Increment DF trace to be displayed.

This control is active on the PF & Ch2, DF Decay and DF Induction tabs only and is used to scroll
forwards through individual DF/DF Induction traces on the graph axes. On the PF & Ch2 tab, the
dark phase during which the currently displayed DF trace was taken is highlighted in red (providing
the DF Time Bars are enabled - see below). Please refer to the PF & Ch2, DF Decay and DF
Induction tab sections for further details on the use of this control.

e H: Toggle graph DF Time Bars on/off.

This control is active on the PF & Ch2 and DF Induction tabs only. When toggled to on, grey
vertical bands are visible on the axes indicating the points on the prompt fluorescence trace when
delayed fluorescence measurements were taken. These bands appear as different widths as the
default plot as logarithmic. Please refer to the PF & Ch2 and DF Induction tab sections for further
details on the use of this control.

4.3.1.3 System Configuration

System Configuration Controls

The main features and elements of M-PEA Plus software are activated using the toolbar.
= b f @ 609, B o
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e A: Find M-PEA.

This control is used to establish communications with an M-PEA control unit. A connected and
powered M-PEA unit may only be located when the LCD screen on the control unit shows "Status:
Idle".

e B: Read status of the Sensor currently fitted to M-PEA.

This control is used to display diagnostic and configured settings of the M-PEA Optical Sensor
including serial and firmware version numbers. In the event of a technical support discussion with
Hansatech Instruments, you may be required to report the values displayed in this dialogue for
troubleshooting purposes.

e C: Run M-PEA Protocol Editor.
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This control opens up the M-PEA Protocol Editor used to configure all measurements taken by M-
PEA. Please refer to the Protocol Editor section for further information.

e D: Erase Recordings
Erases any previously recorded data in the M-PEA memory in preparation for the next
measurements. Please refer to the Making a Measurement section for further information.

e E: Run M-PEA Protocol to perform a measure.
This control activates the protocol currently stored in the M-PEA control unit. Please refer to the
Measurement section for further information.

e F: Erase Recordings and Run Protocol

Erases any previously recorded data from the M-PEA memory and runs a new measurement
according to the protocol currently loaded in the M-PEA. Please refer to the Making a
Measurement section for further information.

e G: Download M-PEA data.
This control initiates transfer of data currently held in the M-PEA control unit memory. Please refer
to the Measurement section for further information.

e H: Channel 2 modulating LED setup.

This control is used to activate/de-activate and configure the required intensity of the P700+
modulating LED. When the icon is pushed in, the P700+ LED is activated. The status of the P700+
LED is also indicated on the LCD screen of the M-PEA control unit.

4.3.1.4 Relative Absorptivity

Relative Absorptivity Controls
The main features and elements of M-PEA Plus software are activated using the toolbar.
? Tﬁ

A B

e A: Calibrate Relative Absorptivity.

This control is used to re-calibrate the Relative Absorptivity detector using the calibrated
standards supplied with the M-PEA (M-PEA-2 variant only). Please refer to the Calibrate Relative
Absorptivity section for further information.

e B: Perform a Relative Absorptivity measurement.
This control is used to run a Relative Absorptivity measurement without having to generate and
upload a specific protocol (M-PEA-2 variant only).

© 2017 Hansatech Instruments Ltd



54 M-PEA Manual

4.3.1.5 Data Set Configuration & Display

Data Set Configuration & Display Controls

The main features and elements of M-PEA Plus software are activated using the toolbar.

The Data Set configuration and display controls are grouped into 2 sections:

Data Set CcInﬁguratinn Data Set Display

J
h: TS A S E Y Y |Y(0BEBE 2
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AB C D E F G H I ]

Data Set Configuration

e A: Show default set (all data downloaded from M-PEA).

This control is active in all tabs and is used to display all records in the data set regardless how
many individual sets have been configured. Please refer to the Configuring Data Sets section for
further information.

e B: Define a set.

This control is active in the Summary tab only and is used to commit any record selected in the
Summary tab to an available set number. Any records selected when this tool is pressed will be
highlighted in red. Please refer to the Configuring Data Sets section for further information.

e C: Set Selector Controls.

These controls are active on all tabs and are used to display pre-defined data sets consisting of
selected groups of records from the main data set. Set selector controls with associated records
are active and may be clicked in any data display tab. Un-configured set selector controls are
greyed out. Please refer to the Configuring Data Sets section for further information.

e D: Set Selector Controls.
Un-configured set selector controls. Please refer to the Configuring Data Sets section for further
information.

e E: Display information about currently defined sets.
This control is visible on all tabs and is used to display and re-configure properties of all currently
defined sets. Please refer to the Configuring Data Sets section for further information.

Data Set Display
e F: Single Pane Viewing Mode.

This control is visible on all graphical analysis tabs and is used to display the currently selected
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records in the Summary screen for a single selected data set. Different data set records may be
displayed by either selecting the relevant set number button from the Toolbar or Menu, by
initiating a slide show of the defined data sets (see Slide Show controls below) or by manually
scrolling through the available data sets using the previous and next arrow buttons on the Toolbar
(see below). Please refer to the Displaying Data Sets section for further information.

e G: Multi-Pane Viewing Mode (Quad 1 & Quad 2).

This control is visible on all graphical analysis tabs and is used to display records from up to 4
defined data sets at a time. Clicking the left button (Quad 1) will display data sets 1 - 4 (if
defined), the right button (Quad 2) will display the remaining sets 5 - 8 (if defined). In multi-pane
view, changes made to the configuration (axes changes, toggle log/linear plot etc.) of either of the
graphical analysis tools will be global i.e. all data set plots in view will be affected by the
configuration changes. Please refer to the Displaying Data Sets section for further information.

e H: Multi-Pane Viewing Mode (Octal).

This control is visible on all graphical analysis tabs and is used to display all selected records from
all defined data sets simultaneously. As with multi-pane viewing mode (Quad 1 & Quad 2), any
changes made to the configuration settings (axes changes, toggle log/linear plot etc.) of the
graphical analysis screen when in this viewing mode are global. Please refer to the Displaying
Data Sets section for further information.

e |: Data Set Scroll Buttons.
This control is visible on all graphical analysis tabs when in Single Pane Viewing mode. Clicking
either arrow button will scroll backwards or forwards through all defined data sets plotting each set

on the currently selected analysis tab accordingly. Please refer to the Displaying Data Sets section for

further information.
e J: Data Set Movie Mode Controls

This control is visible on all graphical analysis tabs when in Single Pane Viewing mode. Clicking on
the Play button will automatically scroll forwards through all defined data sets with user
selectable intervals of between 1 and 20 seconds (default is 2 seconds). Selected records within
all defined data sets are plotted on the currently selected analysis tab accordingly. Please refer to
the Movie Mode section for further information.

432 The Menu

4.3.2.1 File Menu

File Menu

e New (Ctrl+N)
Creates a new data set.
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e Open (Ctrl+0)
Open an existing data set.

e Close
Close the active data set. Unsaved data sets will generate an option to save dialogue.

e Save (Ctrl+S)
Save the active data set.

e Save As
Specify a new filename and location for the active data set.

e Export Parameters
Exports the parameters of all selected records in the data set in Comma Separated Values (*.csv)
format as per the Parameters analysis tab for further analysis in external software packages such
as Microsoft Excel®.

e Export Data Points >

e Standard Format
Exports the raw data points for all signals measured in a tabulated *.csv format for further
analysis in external software packages such as Microsoft Excel®.

e DF Format
As above but in a slightly different layout so as to facilitate further analysis of DF data points.
e Export Protocol
Exports the protocol used for the currently active data set in *.csv format. This export is useful in
troubleshooting situations where you may be asked to send this exported file to Hansatech
Instruments.
e Export to HAN >
The HAN file format is a legacy format which was used in early versions of software for the Handy
PEA chlorophyll fluorimeter. Users who have previously used (or wish to use) the Biolyzer software
package to analyse M-PEA data will need to convert the M-PEA files into HAN format in order to
import the data into Biolyzer.

e Chl
Exports Chl data from the current data file to HAN format. By default, M-PEA Plus saves the data
with the same filename as the M-PEA file with - chl.han (channel data identifier and file
extension)

e Ch2
Exports Ch2 data from the current data file to HAN format. By default, M-PEA Plus saves the data
with the same filename as the M-PEA file with - ch2.han (channel data identifier and file
extension)

e DF
Exports DF data from the current data file to HAN format. By default, M-PEA Plus saves the data
with the same filename as the M-PEA file with - df.han (channel data identifier and file extension)
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e Print (Ctrl+P)
Prints the data in the active analysis tab.

e Print Preview
Previews the data in the active analysis tab in preparation for printing.

e Print Setup
Opens the Windows® print setup dialogue.

e Recent Files
Displays the 4 most recently opened data sets.

e Exit
Exits the M-PEA+ software.

4.3.2.2 Edit Menu

Edit Menu

The options within the Edit menu are exclusively relevant to the Summary screen only. In any of
the other analysis screens, the Edit menu options are greyed out and inaccessible.

e Select Highlighted Records
Selects any currently unselected records that have been highlighted in blue with a single mouse
click. Please refer to the Record Selection section for further information.

e Unselect Highlighted Records
Unselects any currently selected records that have been highlighted in blue with a single mouse
click. Please refer to the Record Selection section for further information.

e Select ALL Records
Automatically selects all records in the current Summary screen view regardless of current status.
Please refer to the Record Selection section for further information.

e Unselect ALL Records
Automatically unselects all records in the current Summary screen view regardless of current
status. Please refer to the Record Selection section for further information.

e Select by ID
Used to automatically select records with matching ID’s. Please refer to the Record Selection
section for further information.

e Edit Colour of PF Signal
Allows currently assigned prompt fluorescence trace colours for individually highlighted records to
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be configured.

e Edit Colour of Ch2 Signal
Allows currently assigned Ch2 trace colours for individually highlighted records to be configured.

e EditID

Allows an ID reference to be entered to a highlighted record. This function is particularly useful to
differentiate between groups of common recordings within a larger group of records. A string of up
to 6 alphanumeric characters may be used. Please refer to the File ID section for further
information.

e Edit User Values
Allows non-fluorescence values to be manually entered into the User Values columns. Please refer
to the User Values section for further information.

e Paste User Values
Entire columns of numeric values can be copied from MS Excel® and pasted into the M-PEA Plus
User Values columns. Please refer to the User Values section for further information.

e Clear User Values >
e User Values 1

Deletes entered data from the User Values column 1.
e User Values 2

Deletes entered data from the User Values column 2.
e User Values 3

Deletes entered data from the User Values column 3.

e Cut (Ctrl+X)

This control is active on the Summary tab only and is used to manage individual records within a
data set. Records that have been measured using a common protocol may be moved between data
sets as required. Please note that this is an internal function only. Cut records will not be available
to be pasted outside of M-PEA Plus software. Please refer to the Copying & Pasting Records page
for further details on the use of this control.

e Copy (Ctrl+C)

This control is active on the Summary tab only and is used to manage individual records within a
data set. Records that have been measured using a common protocol may be moved between data
sets as required. Please note that this is an internal function only. Copied records will not be
available to be pasted outside of M-PEA Plus software. Please refer to the Copying & Pasting
Records page for further details on the use of this control.

e Paste (Ctrl+V)
This control is active on the Summary tab only and is used to manage individual records within a
data set. Cut or copied records that have been measured using a common protocol may be
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appended to existing data sets as required. Please refer to the Copying & Pasting Records page
for further details on the use of this control.

e Comment

Allows the allocation of up to 3 lines of descriptive text to the active data set. General information
regarding the recordings may be useful in some cases when is not possible to sensibly describe
the file from the saved filename alone. Please refer to the Comments section for further
information.

e Average All Signals
Creates a new record containing the averaged data from all measured signals in 2 or more
highlighted records. Please refer to the Averaged Records section for further information.

e Prompt Fluorescence Signal >

e Average
Creates a new record containing the averaged data from PF signals only in 2 or more highlighted
records. Please refer to the Averaged Records section for further information.

e Scale
Allows scale and offset values to be applied to PF signals only in individual records. Please refer
to the Scale and Offset Records section for further information.

e Normalise
With 2 or more highlighted records, M-PEA+ automatically applies scale and offset factors to
normalise PF signals in records to one of seven pre-defined parameters. Please refer to the
Normalise Records section for further information.

e Un-scale/Un-normalise
Removes any applied scaling or normalisation settings from PF signals in highlighted records.

e Channel 2 Signal >
e Average
Creates a new record containing the averaged data from Ch2 signals only in 2 or more highlighted
records. Please refer to the Averaged Records section for further information.
e Apply Offset
Allows an offset value to be applied to Ch2 signals only in individual records. Please refer to the
Offset Ch2 Signal Data section for further information.
e Remove Offset
Removes any Ch2 offset that has been applied to a highlighted record.
e Remove All Offsets
Removes all Ch2 offsets that have been applied.

e DF Signal >

e Average
Creates a new record containing the averaged data from DF signals only in 2 or more highlighted
records. Please refer to the Averaged Records section for further information.
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4.3.2.3 M-PEA Menu

M-PEA Menu

e Find M-PEA
Used to establish communications with an M-PEA control unit. A connected and powered M-PEA
unit may only be located when the LCD screen on the control unit shows "Status: Idle".

e Read Sensor Status

Used to display diagnostic and configured settings of the currently connected M-PEA Optical
Sensor including serial and firmware version numbers. In the event of a technical support
discussion with Hansatech Instruments, you may be required to report the values displayed in this
dialogue for troubleshooting purposes.

e Protocol Editor
Opens up the M-PEA Protocol Editor used to configure all measurements taken by M-PEA. Please
refer to the Protocol Editor section for further information.

e Erase Recordings
Erases any previously recorded data in the M-PEA memory in preparation for the next
measurements. Please refer to the Making a Measurement section for further information.

e Run Protocol

This control is only available once the M-PEA memory has been cleared using the Erase
Recordings function. Once the memory is cleared, this control is used to activate the protocol
currently stored in the M-PEA control unit. Please refer to the Making a Measurement section for
further information.

e Erase Recordings and Run Protocol

Erases any previously recorded data from the M-PEA memory and runs a new measurement
according to the protocol currently loaded in the M-PEA. Please refer to the Making a
Measurement section for further information.

e Download Acquisitions
Initiates transfer of data currently held in the M-PEA control unit memory. Please refer to the
Measurement section for further information.

e Abort Measure
Aborts any measurement currently being performed by the M-PEA control unit.

e RA >

e Calibrate
Used to re-calibrate the Relative Absorptivity detector using the calibrated standards supplied
with the M-PEA (M-PEA-2 variant only). Please refer to the Calibrate Relative Absorptivity section
for further information.
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e Measure
Used to run a Relative Absorptivity measurement without having to generate and upload a specific
protocol (M-PEA-2 variant only). Results of this measurement are displayed in the Protocol tab.

e Mod LED Setup

Used to activate/de-activate and configure the required intensity of the P700+ modulating LED.
When the P700+ LED is active, a tick mark is displayed adjacent to this option. The status of the
P700+ LED is also indicated on the LCD screen of the M-PEA control unit.

4.3.2.4 Graph Menu

Graph Menu

e Select Signals

Opens a dialogue containing options to display or hide signals that have been recorded in the
active data set. It is active on all 3 graph tabs and has different options depending on which graph
tab is selected. Please refer to the individual PF & Ch2, DF Decay and DF Induction tab sections for
further information.

e Auto Colours >
e Signal Colours
Re-colours all traces by signal type i.e. PF traces, P700+ traces and each individual DF range.
e Sequential Colours
20 different colours are used and assigned to the first 20 individual consecutive records. If more
than 20 records are present, the colour scheme repeats itself for the next records in the file.
e All Black
Re-colours all traces (PF, DF and P700+) black.
e Edit Default Colours >
e Signal
Allows you to edit the default colours used for the re-colour traces by signal option. Please see
Selecting and Editing Trace Colours section for further information.
e Sequential Allows you to edit the default colours used for the sequential colour traces
option. Please see Selecting and Editing Trace Colours section for further information.

e Options

Opens the Graph Options dialogue allowing various elements of the graphical display tabs such as
grid lines, trace lines, timemark indicators, popup boxes and data point size to be configured.
Please refer to the PF & Ch2 tab section for further information.

e DF Time Bars

This control is active on the PF & Ch2 and DF Induction tabs only. When activated, grey vertical
bands are visible on the axes indicating the points on the prompt fluorescence trace when delayed
fluorescence measurements were taken. These bands appear as different widths as the default
plot as logarithmic. Please refer to the PF & Ch2 and DF Induction tab sections for further details
on the use of this control.
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e DF Inductance Averages
This control is only active on the DF Induction tab. As the name suggests, DF Induction values are
averaged and re-plotted. Please refer to the DF Induction tab section for further information.

e Smooth Post DF Spikes

This control is active on the PF & Ch2 tab when DF data has been recorded using Multi mode.
Clicking this icon open the Smooth Post DF Spikes dialogue which allows removal of the dark drops
on the PF signal by omitting either the first 1 or 2 consecutive data points immediately after each
DF measurement. Please refer to the Smooth Post DF Spikes section for further information.

e Ch2 Smoothing Options

This control is active on the PF & Ch2 tab where the P700+ activity trace is displayed. Opens a
dialogue box allowing the application of 3 levels of mathematical averaging over 3, 5 or 7 data
points on the P700+ trace which serves to 'flatten out' spurious peaks and drops associated with
electrical noise from the P700+ detector. Please refer to the Ch2 Trace Smoothing section for
further information.

e Next Recording

This control is active on the PF & Ch2, DF Decay and DF Induction tabs only and is used to scroll
forwards through individual DF/DF Induction traces on the graph axes. On the PF & Ch2 tab, the
dark phase during which the currently displayed DF trace was taken is highlighted in red (providing
the DF Time Bars are enabled - see below). Please refer to the PF & Ch2, DF Decay and DF
Induction tab sections for further details on the use of this control.

e Previous Recording

This control is active on the PF & Ch2, DF Decay and DF Induction tabs only and is used to scroll
backwards through individual DF/DF Induction traces on the graph axes. On the PF & Ch2 tab, the
dark phase during which the currently displayed DF trace was taken is highlighted in red (providing
the DF Time Bars are enabled - see below). Please refer to the PF & Ch2, DF Decay and DF
Induction tab sections for further details on the use of this control.

4.3.2.5 Tools Menu

Tools Menu

e Sets >

e None
Used to display all records in the data set regardless how many individual sets have been
configured. Please refer to the Configuring Data Sets section for further information.

e Define Set
Used to commit any record selected in the Summary tab to an available set number. Any records
selected when this tool is pressed will be highlighted in red. Please refer to the Configuring Data
Sets section for further information.
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e Select Set >
e1-8

The functionality of all the submenu options in this menu are similar. If data has been allocated to
the selected set number, the relevant set records will be displayed in the data analysis tabs. If no
set data exists for the set number selected and there are defined records highlighted in red in the
Summary tab, those records will be allocated to the selected set number and the Save Set dialogue
will be opened.

e Manage Sets
Used to display and re-configure properties of all currently defined sets. Please refer to the
Configuring Data Sets section for further information.

e View >

e Single
Used to display the currently selected records in the Summary screen for a single selected data
set. Different data set records may be displayed by either selecting the relevant set number
button from the Toolbar or Menu, by initiating a slide show of the defined data sets (see Movie
Mode below) or by manually scrolling through the available data sets using the previous and next
arrow buttons on the Toolbar. Please refer to the Displaying Data Sets section for further
information.

e Quad 1 and Quad 2
Used to display records from up to 4 defined data sets at a time. Selecting Quad 1 will display
data sets 1 - 4 (if defined), selecting Quad 2 will display the remaining sets 5 - 8 (if defined). In
multi-pane view, changes made to the configuration (axes changes, toggle log/linear plot etc.) of
either of the graphical analysis tools will be global i.e. all data set plots in view will be affected by
the configuration changes. Please refer to the Displaying Data Sets section for further information.

e QOctal
Used to display all selected records from all defined data sets simultaneously. As with multi-pane
viewing mode (Quad 1 & Quad 2), any changes made to the configuration settings (axes changes,
toggle log/linear plot etc.) of the graphical analysis screen when in this viewing mode are global.
Please refer to the Displaying Data Sets section for further information.

e Movie Mode >

e last
Used to navigate backwards through all defined data sets plotting each set on the currently
selected analysis tab accordingly. Please refer to the Displaying Data Sets section for further
information.
e Next
Used to navigate forwards through all defined data sets plotting each set on the currently selected
analysis tab accordingly. Please refer to the Displaying Data Sets section for further information.
e Pause
Pauses the slideshow of defined data sets.
e Play
Selecting Play will automatically scroll forwards through all defined data sets with user selectable
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intervals of between 1 and 20 seconds (see below - default is 2 seconds). Selected records within
all defined data sets are plotted on the currently selected analysis tab accordingly. Please refer to
the Displaying Data Sets section for further information.

e Play Speed
Sets the interval between slide transitions for the data set slideshow between 1 and 20 seconds.
Please refer to the Movie Mode section for further information.

e Hot Parameters

In the Summary tab, recordings are displayed on individual lines showing date and time of the
recording. Also displayed are 2 "Hot Parameter" columns which provide an immediate
visualisation of 2 user selectable parameters which may be considered highly significant to the
experiment. The default Hot Parameters are Fv/Fm and Pl (Performance Index).

e PF Display Options
Used to configure certain elements of how the prompt fluorescence data is displayed across the
various analysis tabs. Please refer to the PF Display Options section for further information.

e Parameter View Parameters

Opens a dialogue containing all available parameters for M-PEA data when displayed in the
Parameters tab. Individual or groups of parameters may be selected/de-selected from this
dialogue box. A checkbox at the bottom of the dialogue box allows the Parameter tab and Radar
Plot tab to be dynamically linked i.e. parameters selected/de-selected for display in the
Parameters tab will be mirrored in the Radar Plot tab.

e Radar Plot Options

Opens a dialogue with a drop down box containing all records within the currently selected set.
This drop box allows you to select the record number that should be used as the reference record
when the data set is plotted on the Radar Plot tab. This selection may also be made from the

Manage Sets dialogue box.

e Radar Plot Parameters

Opens a dialogue containing all available parameters for M-PEA data when displayed in the Radar
Plot tab. Individual or groups of parameters may be selected/de-selected from this dialogue box. A
checkbox at the bottom of the dialogue box allows the Radar Plot tab and Parameters tab to be
dynamically linked i.e. parameters selected/de-selected for display in the Radar Plot tab will be
mirrored in the Parameters tab.

e Timemark Settings
Opens a dialogue which allows the default times for the 5 timemarks to be cusomised. Please
refer to the timemarks page for further information.
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4.3.2.6 View Menu

View Menu
The View menu uses standard Windows® commands with which all users should be familiar.

4.3.2.7 Window Menu

Window Menu
The Window menu uses standard Windows® commands with which all users should be familiar.

4.3.2.8 Help Menu

Help Menu

The Help menu uses standard Windows® commands with which all users should be familiar.

4.3.3 DataPresentation Tools

Introduction

M-PEA Plus software allows data to be presented using several different graphical and numerical
data analysis tools. The individual tools are presented as a series of tabs across the top of the
data display area and beneath the toolbar. Clicking on a tab will automatically plot any selected
records in the Summary tab in the respective method of analysis.

In addition to these analysis tabs, M-PEA Plus provides the facility to export the data in Comma
Separated Values (*.csv) format for further analysis in external software packages such as
Microsoft Excel®.

The following sections describe each analysis tab and any related functionality.

e Summary Tab
e PF & Ch2 Tab

e DF Decay Tab

DF Induction Tab
Sequential Tab
Rank Plots Tab
Parameters Tab
Protocol Tab
Tabulated Data Tab
Radar Plot Tab
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4.3.3.1 Analysis Tabs
Summary Tab

Summary Tab

Summary Tab

The Summary Tab is the default analysis tool that is employed when data is either downloaded
from the M-PEA or opened from a previously saved file. It serves as a summarising list of all the
measurements and allows individual, groups and sets or all of the recordings to be selected for
further analysis using one of the other data presentation methods in M-PEA Plus. The diagram
below shows an overview of the summary tab.

The functionality of the Summary tab is described in the following sections:

e M-PEA Plus menu

e M-PEA Plus toolbar

Record Selection and Information
Fo Calculation method

User Values

Record Information Columns
Hot Parameter columns

e Averaging Data

Normalising PF Signal Data

e Scale & Offset PF Signal Data
e Offset Ch2 Signal Data

e Cut, Copy & Paste Records
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Record Selection and Information

Record Information and Selection Panels
The diagram below shows the Record Information and selection controls.
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Information
Rows 29 e IR
Selected 29
Comment | =—— B

Select Records -

All |

Mone | - C

By ID |

e A: The Record Information panel.
The Record Information Panel indicates 2 elements:
e Records
The total number of individual records present in the current file.
e Selected
The number of individual records currently set as "Selected" state in the current file (Please see
below for information on record states).

e B: Comments.

Clicking this button allows you to allocate a text comment to the saved file. General information
regarding the recordings may be preferable in cases when is not possible to usefully describe the
data set from the saved filename alone. The textbox allows 3 lines of text to be defined.

e C: Record Selection Controls.
Before record selection processes are discussed at length, it is important to understand the 4
possible states at which individual records within a data set can have.
e Un-Selected Record
# [Time |Date |[Acqg. No [ID [PF# [Ch2 #|DF# [FviIFm  |PI |
vIEE -l Xx [ @ , X

Un-selected records will not be plotted in the data analysis tabs.

e Selected Record
# Time Date Acq. No (ID PF # Ch2 #|DF# FviFm Pl

1 122324  114-01-10 |1 01-01 cht |v' I~ Il X @0715 |@2515

Selected records will be plotted in the data analysis tabs.
¢ Highlighted Record
# |Time |Date |Acqg. No [ID [PF#  |Ch2 #|DF# [FviFm  |PI |

12:23:24 (140110 |1 (0101 Chl |v  |v [X T
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Any record in the data set can be highlighted regardless of selected or un-selected state. Required
records must be highlighted prior to performing averaging, scaling or normalising functions.

e Set Defined Record
# Time Date Acq. No |ID PF # Ch2 #|DF# FviFm Pl

12:23:24 14-01-10 1 01-01 Cht

This state is concerned with data set definition. When the Define Set toolbar button is pressed,
any selected records are coloured red. Please refer to the Configuring Data Sets section for further
information.

Selecting, Un-Selecting and Highlighting Records

When data is downloaded from the M-PEA or a previously saved file is opened, all records are set
at a selected state by default and will therefore be plotted in all subsequent data analysis tabs.
Individual or multiple records may be selected for analysis or for inclusion in data sets (please
refer to the Configuring Data Sets section for further information). The selection of records may be
performed in 4 different ways:

e Select All/None
Select all records in the current file by clicking "All" in the Select Records panel. Likewise, Un-
select all records by clicking "None" in the Select Records panel.

e Select Individual Records
Double-clicking the mouse on an individual record will change the state of the line from selected
to unselected or vice-versa.

e Select Consecutive and Non-consecutive Groups of records
From the Select Records Panel, click the button to unselect all recordings in the Summary screen.
Single click the mouse on records to highlight the required data. Groups of consecutive recordings
may be selected by highlighting the first file in the group with a mouse click, holding down the
SHIFT key followed by clicking the last required record in the group. Highlighted recordings are
then selected for analysis by either right-clicking the mouse and choosing Select Highlighted
Records from the context sensitive menu or by selecting the same option from the Edit Menu on
the Menu bar. Groups of non-consecutive recordings are selected by double clicking individual
required records whilst holding down the CTRL key.

e Select by record ID
Once records are downloaded from the M-PEA into the M-PEA Plus software, records may be
assigned ID references of up to 6 alpha-numeric characters. Starting with all records unselected,
press the "By ID" button from the Select Records panel. You will be prompted to enter the ID by
which you would like to search into a dialogue box. Any record in the current file with a
corresponding ID reference will be automatically selected.
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Fo Calculation Method

Fo Calculation Method
g
(« Calculated Fo
" Use F1

Before the development of instruments such as Pocket PEA, Handy PEA and M-PEA, chlorophyll
fluorimeters were limited by electronics as to how fast the Kautsky fluorescence induction could
be measured.

Since the development of modern fluorimeters, we now know that the value that was historically
used as the Fo value, is in fact the parameter that we now term as F1 at 50 microseconds. Since
the M-PEA has a maximum data acquisition rate of 10 microsecond intervals, we are able to
extrapolate back to the time 0 point using least squares regression of the first few data points.
This allows M-PEA Plus to present an accurate approximation of the Fo parameter.

The actual Fo parameter occurs at time 0 which unfortunately, due to electronics capabilities is
impossible to measure. It may be difficult to justify to Reviewers using a calculated Fo when
submitting data for publication. The F1 parameter is used as a preference for paper submission as
itis less problematic in justifying Fo as a value taken at a fixed time base of 50 microseconds. We
are, however, confident that the calculated Fo is a more accurate value.

Select either the Calculated Fo or Use F1 radio buttons to configure the Fo parameter. Please refer
to the Fo Parameter section for further details on how Fo is calculated.

User Values

User Values

User YValues

v User1
[ User?2
[ User 3

User Values columns allow up to 3 additional columns of non-M-PEA data to be inserted into the
M-PEA Plus Summary Tab. This data is available in all subsequent analysis tabs for direct
comparison with either M-PEA fluorescence data with the exception of the PF & Ch2, DF Decay
and DF Induction graph and Tabulated Data tabs.
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User Values data could be from other types of instrument with numerical values collected from the
sample i.e. chlorophyll content values from the Hansatech Instruments CL-01, gas exchange data
or spectral reflectance information.

User Values may be entered in 2 different ways:

e Manual entry of User Values.

From the User Values check boxes on the left side of the Summary tab, select the required number
of columns to be displayed in M-PEA Plus. Highlight the required record to which the User Value is
to be assigned. From the menu select Edit > Edit User Data to display the dialogue box shown
below.

-Enter User Daka

ser 1 ser 2 User 3

Row #1 |'3' ]'3' ]'3'

K | Cancel | Help |

Type the relevant data into the required column. This procedure should be followed for each row
that requires a User Value entry.

e Copy and Paste from MS Excel®.

Entire columns of numeric values can be copied from MS Excel® and pasted into the M-PEA Plus
User Values columns. Within Excel®, highlight the column or required values and copy them to the
Windows® Clipboard. Return to the M-PEA Plus Summary tab and activate the required User
Values column using the checkboxes on the left side of the screen.

Highlight the first record in which the User Values are to be pasted and right click the mouse to
open the context sensitive menu. Selecting "Paste User Data" opens the dialogue box as shown
below. This dialogue indicates the number of rows of User Data to be pasted into the User Values
column. Select the required column and starting row and click OK to paste the data.
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User Data E]
Paste 44 walues inta the User Data area.

Select Destination

* lser Data 1
" User Data 2

" User Data 3

—

Cancel

Skarting ak Fow #

Data entered into the User Values columns is saved along with the fluorescence data. User Values
data may be removed from the file by selecting the required column to delete from the Edit > Clear
User Data menu option.

Record Information Columns

Record Information Columns

A B L D E F

! ! l ' ! ;
# |Time Date Acq. No [ID PF# (Ch2#|DF#
1 |06:44:50 |09-11-09 1 01-01- vd B4 EREN
2 |08:44:50 |09-11-09 |2 01-02- vIER~vIl4s B
3 |08:44:50 [09-11-09 |3 01-03- +vIElvIl44 B
4 108:44:50 |09-11-09 |4 01-04- vIER-I4s B
5 |08:44:50 [09-11-09 |5 01-05- v IRl B
6 |08:44:50 |09-11-09 |6 02-01- 4 4 EREN
7 |08:44:50 [09-11-09 |7 02-02- vl B
8 |08:44:50 |09-11-09 |8 02-03- vd P4 Rl )
9 |08:44:50 [09-11-09 |9 02-04- +vIERvIl43s B
10 |08:44:50 108-11-08 [10 02-05- vd P4 R )

The record display area shows overview information for each record in the data set.

e A: Row Number

This column displays the row number for each record in the Summary tab. Used as an aid

identification of individual records in graphical analysis tabs.

e B: Time

The time at which the first record in the data set was taken.
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e C: Date
The date on which the record was taken.

e D: Record number
This column displays the record number as assigned by the M-PEA control unit. Please note that
this is not the same as Row number.

e E: Record ID

Each individual record may be assigned an ID reference of up to 6 alpha-numeric characters to be
displayed in the Summary and Parameters tabs. These ID values may be used to categorise groups
of records for ease of identification within the data set. By default, the ID is assigned an ID
reference according to information gathered from the protocol used when the record was taken.
For example, in the diagram above, the first row ID is:

01-01-
This corresponds to:
Protocol Repetition No. - Record No. within Repetition -

e F: Signal Indicator Columns

The 3 signal Indicator Columns show which of the available signals from PF, Ch2 (P700+) and DF
were measured for each recording in the data set. In all 3 columns, if a signal is present, the
column will show a tick mark followed by the colour used to plot the trace in the graphical analysis
tabs. If a signal was not measured during a recording, the relevant indicator column will show a
cross mark and no trace colour will be indicated.

Hot Parameter Columns

Hot Parameter

In addition to the overview information columns, the Summary tab also displays 2 user definable
"Hot Parameter" columns. Hot parameter columns provide an immediate visualisation of 2
parameters which may be considered highly significant to the experiment. The default Hot
Parameters are Fv/Fm and Pl (Performance Index).
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Fv/iFm Pl
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@ 0751 (20853
@ 0.748 | 0.804
@ 0744 0758
@ 0740 |©0.718

The 2 default parameters of Fv/Fm and Pl are considered by many as being the most diagnostically
significant parameters for the indication of stress in photosynthetic organisms. In addition to the
parameter values for Fv/Fm and PI, coloured discs are displayed in the Hot Parameter columns
representing Thresholds of Concern.

Thresholds of Concern provide an immediate visual indication of lower values for Fv/Fm and PI.
There are 3 different Thresholds of Concern represented by green, orange and red coloured discs
respectively. Green indicates that the parameter is above a pre-defined value deemed to be an
acceptable level, orange indicates the parameter is below the acceptable level and requires
further attention and red indicates the parameter has fallen below a pre-defined value which is
deemed to be an un-acceptable level. Please refer to the Thresholds of Concern section for further
information.

In order to select alternative Hot parameters, select Tools > 'Hot' Parameters from the menu to
display the dialogue shown below.
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‘Hot* Parameters g|

Select Two Parameters to display in Summary

" Fo (" F1 " RC [ ABS
" Fm (" F2 " Fy | Fo

I Fy " F3 N

* FyiFm " F4 o p

I TFm [ F5

" Area

Ik | Defaulks Cancel Help |

Select 2 required Hot parameters from the list by checking / unchecking the corresponding radio
buttons. Clicking OK to accept will display the relevant data in 2 Hot Parameter columns on the
right of the summary tab.

Averaging Signal Data

Averaging Data
Within the Summary tab, M-PEA Plus allows recorded data to be averaged in 2 ways:

e Average All Signals

By highlighting 2 or more individual records, select Edit > Average All Signals from the menu. M-
PEA Plus will create a new record containing averaged data for all the signals (PF, DF and Ch2) in
the original highlighted records.

e Average specific signal values

M-PEA Plus allows specific signal values from within 2 or more highlighted records to be averaged
together to create a new record. The required signal values to be averaged can be selected from
the Edit > required signal > Average menu option.

Once the average record has been generated, M-PEA Plus will open a dialogue allowing the entry
of a reference ID for the record of up to 6 alphanumeric characters. A further dialogue allows the
location of the new record within the Summary tab to be configured. Users may choose to place
the average record at the start or end of the records list or to select a specific line number where
the new averaged record is to be placed. Once the average record has been successfully inserted
into the Summary tab view, it behaves exactly the same way as a standard record in all other data
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analysis tabs.

Normalising PF Data

Normalising PF Signal Data

The normalise function allows scale and offset to be automatically applied to the PF signal for to 2
or more highlighted files. When the Normalise function is selected from the Edit > Prompt
Fluorescence Signal > Normalise menu option, M-PEA Plus generates a dialogue box as shown in
the image below.

Normalise to?

Record 0k

MNumber _I Cancel

il

Help
Parameter

* Fo " Fm Lo [ 5EZ (" F3 {" F4 I gED

This dialogue box offers the ability to select a particular parameter value from a user-defined
record number in the Summary tab. From the image above, the Fo parameter value in any
highlighted records will be normalised to the Fo value from record number 1.

Any records that have Normalised PF signals may be identified in the Summary tab by a pink
background to the PF signal indicator column. Normalisation factors may be removed by
highlighting the normalised records and selecting Edit > Prompt Fluorescence Signal > Un-Scale/
Un-Normalise from the menu.

Scale & Offset PF Signal Data

Scale & Offset PF Signal Data

The PF Scale and Offset feature is accessed from the Edit > Prompt Fluorescence Signal > Scale
menu option. It may be used in situations, for example, such as where M-PEA records which have
vastly different signal sizes are required to be compared in terms of the shape of kinetics.
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Enter Beguired Scale _Offzet for Prompt Fluorezscence signal.

— Scale & Offzet -

Scale 1 ﬂ

Help

Offzet hj Cancel
:

The offset feature may be used to subtract a portion of each data point in a highlighted record. For
example, if a record with an Fo value of 500 is to be compared with an Fo level of 250, an offset of
250 may be applied to the record with the higher Fo value. This will give the 2 records identical Fo
values allowing other factors of the 2 records to be compared.

Any records which have been assigned scale or offset values may be identified in the Summary tab
by a pink background to the PF signal indicator column. Scale and offset factors may be removed
by highlighting the scaled records and selecting Edit > Prompt Fluorescence Signal > Un-Scale/Un-
Normalise from the menu.

Offset Ch2 Signal Data

Offset Ch2 Signal Data

The Ch2 Offset feature is accessed from the Edit > Channel 2 Signal > Apply Offset menu option. It
may be used in situations, for example, such as where M-PEA records which have vastly different
Ch2 signal sizes are required to be compared in terms of the shape of kinetics.

Enter a value to be applied as an o

Cancel

Offset to Channel 2.

] i Help

Any records which have been assigned offset values may be identified in the Summary tab by a
pink background to the Ch2 signal indicator column. Offset factors may be removed by
highlighting the records with applied offset and selecting Edit > Channel 2 Signal > Remove Offset
from the menu.
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Cut, Copy & Paste Records

Cut, Copy & Paste Records

These are similar to the standard Windows® commands of the same names. However, these
functions only allow records to be moved between data sets within the M-PEA Plus program when
the protocol used to obtain the data set is common (i.e. Records may not be copied to applications
other than M-PEA Plus and data sets recorded with different protocols may not be pasted
together).

Individual or groups of highlighted records are copied to an internal scratch pad and not to the
Windows® Clipboard. Cut or Copied records are may be pasted before or after a user-defined
record number.

PF & Ch2 Tab
PF & Ch2 Tab

PF & Ch2 Tab

The PF & Ch2 Tab plots prompt fluorescence and Channel 2 (P700+) signals from all selected
records as signal over time. The default time base is a logarithmic axis allowing all major kinetics
of the fast fluorescence induction to be clearly visualised.

If DF signals have been recorded, a mini-graph is also displayed in an overlaid window on this tab.
The diagram below shows a screenshot of the PF & Ch2 tab.

The functionality of the PF & Ch2 tab is described in the following sections:

e M-PEA Plus menu

e M-PEA Plus toolbar

e Axes Settings

e Popup Information Boxes

e Setting Trace Colours

e Graph Options

e DF Time Bars

e DF Mini Graph

e PF Trace Smoothing

e Ch2 (P700+) Trace Smoothing
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Axes Settings

Axes Settings

Clicking directly onto any of the 3 axes on the PF & Ch2 tab opens the axes settings dialogue as

shown in the diagram below.

© 2017 Hansatech Instruments Ltd




80 M-PEA Manual

A B
s . P
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Auto | Cancel | | Ok I

E

e A: Prompt fluorescence axis configuration

e B: Channel 2 axis configuration

e C: Linear time axis setting

To enable the linear time axis controls, the linear timescale must first be enabled by checking the
checkbox in this section. The time axis may then be set in useconds, milliseconds or seconds
using the radio buttons at a value set using the Max and Min spin boxes.

e D: Logarithmic time axis setting

Use the radio buttons to select the required time base according to the length of the recordings in
the current data set. By default, M-PEA+ will scale the time base to the most appropriate setting.
e E: Auto

Use this function to automatically re-scale all 3 axes to most adequately display all signals in all
records selected in the Summary tab.
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Popup Information Boxes

Popup Information Boxes

Hovering the mouse cursor above any individual data point on a trace plotted on the Pf & Ch2
graph generates a popup information box as shown in the diagram below.

PF Record: 20 —=-—1—A
Acq. No: 20 =-—R
ID- (ol =1 C

Fluorescence= 2599571 —=1—1[)
Time =11ms —=1—FE
Point No. =38 -—

e A: Row number
Corresponds to the row number in the Summary tab.

B: Record number
Corresponds to the record number in the Summary tab.

e C: Record ID
Corresponds to the record ID reference in the Summary tab.

e D: Value
The recorded value of either PF or Ch2 (P700+) depending on which signal trace the data point
belongs to.

e E:Time
The time base at which the data point was recorded.

e F: Point No.
Corresponds to the data point number in the Tabulate Data tab. Indicates the position of the data
point within the recorded signal.

Setting Trace Colours

Setting Trace Colours

Setting trace colours for individual records

Setting trace colours for individual records is a process that is mainly controlled from the Summary
tab. However, the results of this process are obviously more visible in the graph tabs. For this
reason, trace colour settings has been included with the PF & Ch2 tab settings.
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In the Summary tab, highlight an individual or group of records that you wish to configure. Either
right-click or select Edit > Edit Colour of Trace(s) from the menu. The following dialogue is
generated:

Color

= =

Basic colors:

EEEN ]
EEENETT
EEEENEN
EEENET
TTHEEEN
EEEENT
THEENET

Custom colors:

Hue: |ﬂ_ Red: E
Sat: [240 Green:lﬂ_
[refine Cugstom Colors >+ I ColoriSolid Lum: Iﬁ Blue: lﬂ_

ok | Cancel | Pcket o Gty Ciokons |

Select the required colour from the colour picker and select OK to commit the changes.

Please note only PF and Ch2 (P700+) trace colours are affected by this change. The DF trace will
be coloured according to the current Auto Colours setting (see below).

Auto Colours
Trace colours may be bulk edited using one of 3 different methods. The 3 different options are
selected from the Graph > Auto Colours menu option.
e Signal Colours
Selecting signal colours will convert all individual signal records to common colours. The default
colours for this option are:

e PF=red

e Ch2 = blue

e DF (multi) = multi

e DF (single) = green

[ ]
The colours in use will be indicated in the Summary tab and will be evident when selecting the PF
& Ch2 graph tab.

To edit the default signal colours, select Graph > Auto Colours > Edit Colours > Signal from the
menu to open the following dialogue:
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I B
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L

Original Defaults

Cancel ‘

Click on the coloured square adjacent to the element for which you want to reassign the signal
trace colour. The same colour selection dialogue shown at the top of this page will be generated
allowing you to select the required colour.

e Sequential Colours

Selecting sequential colours assigns an individual colour (from a sequence of 20 different colours)
to each signal within an individual record. As with the signal colours option, the trace colours used
will be indicated in the Summary tab.

To edit the sequential colours settings, select Graph > Auto Colours > Edit Colours > Sequential
from the menu to open the following dialogue:
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o]

Cancel 1

Click on the coloured square adjacent to the element for which you want to reassign the signal
trace colour. The same colour selection dialogue shown at the top of this page will be generated
allowing you to select the required colour.

Graph Options

Graph Options
The Graph Options dialogue allows the configuration of specific elements common to all graphical

analysis tabs and is accessed by selecting Graph > Options from the menu. The following dialogue
is generated:
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MOTE: these options apply too ALL graphs.

e
Point Size - 5 _J:

v Grid

——f= [ Timemarks
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=
E —#= |v Popup Boxes

e A: Point Size

This spin box controls the size of the individual data point markers on the graphical analysis tabs
which appear as squares on the trace line. The point size adjusts the size of the square in pixels
(i.e. Point size of 5 = 5 pixels2).

e B: Grid
Toggles the gridlines on/off on all graphical analysis tabs.

e C: Signal Line
Toggles the line connecting the individual data points on/off on all graphical analysis tabs.

e D: Timemarks
Toggles the vertical blue timemark indication lines on/off on all graphical analysis tabs.

e E: Popup Boxes
Enables/disables the appearance of popup information boxes when the mouse is hovered over
individual data points.

DF Time Bars

DF Time Bars

Delayed Fluorescence (DF) Time bars appear as grey vertical bands on the axes in the PF & Ch2
and DF Induction tabs indicating the points on the prompt fluorescence trace when the actinic
illumination was switched off and DF measurements were taken. These bands are only present
when the DF signal has been set to multi in the M-PEA Protocol (please refer to the Protocol Editor
section for further information).

The image below shows the DF Time Bars with the main grid lines and timemark lines toggled off.
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During the middle stages of the recording when the variable prompt fluorescence (PF) data
acquisition rate is at its fastest, the periods where the actinic light source was switched off is
clearly represented by sharp signal declines (dark drops) which correspond to the DF Time Bars.
Towards the end of the recording where the PF data acquisition rate is slower, dark drops are not
evident as the DF measurements are taken between PF data point acquisitions.

DF Mini Graph

DF Mini Graph

The DF Mini Graph is a feature of the PF & Ch2 tab only and shows a snapshot of any DF signals
recorded in the current data set. The graph may be toggled on and off using the Graph > Select
Signals menu option and may also be re-positioned and re-sized to fit any white space on the
graph axes for optimum viewing capacity.

The image below shows the DF Mini Graph.
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The DF Mini Graph has no additional functionality other than to provide a visual representation of
the recorded DF signals. For further DF analysis functionality, you must use the DF Decay or DF
Induction tabs.

Smoothing Post DF Spikes

Smooth Post DF Spikes

When measurements are made which incorporate delayed fluorescence measurements set to
Multi, periods where the actinic light source was switched off are clearly represented by sharp
signal declines (dark drops) which correspond to the DF signal acquisition times.

In certain experimental situations, these dark drops are desirable as it has initially been
considered that these dark drops may represent a method of measurement of QA activity.

However, in situations where it is more desirable to view the prompt fluorescence trace without
the dark drops, provision is made to "smooth" out the dark drops by omitting either the first 1 or 2
consecutive data points immediately after each DF measurement. The level of smoothing is
selected from a dialogue box which is accessed by clicking either the "PF Smoothing Options"
toolbar button or selecting Graph > PF Smoothing Options menu option.
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Ch2 (P700+) Trace Smoothing

Ch2 Trace Smoothing

Ch2 (P700+) traces can be mathematically "smoothed" to reduce the appearance of perceived
excessive noise on the trace. This process is accessed by clicking either the "Ch2 Smoothing
Options" toolbar button or selecting Graph > Ch2 Smoothing Options menu option. The generated
dialogue allows you to select the level of smoothing for 3, 5 or 7 consecutive data points

The smoothing process itself uses an algorithm to calculate a rolling average over the selected
number of consecutive data points. It provides an aesthetically superior trace appearance without

sacrificing the quality of the data.

Please note that although the Ch2 signal may appear to be noisy, the actual derivation in
electrical signal from the Ch2 photodetector may be negligible.

PF Display Options

PF Display Options

Prompt Fluorescence Disp

—Thresholds of Concern

~FufFm - N [PI-
¥ Enable ¥ Enable
0.6 -3y Threshold of Concern 1 1 _J:] Threshold of Concern 1
0.25 -+ Threshold of Concern 2 0.25 -4 Threshold of Concern 2
-Rank Plot Colours -
(& Automatic Mumber of Colours 0 - [~ Rank Plot Data Sorted

i Use Fw/Fm Thresholds of Concern

Help

_reb |
_ Concel |

{~ Use PI Thresholds of Concern

Cancel
(" MNone

K

The PF Display Options dialogue is accessed by selecting Tools > PF Display Options from the
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menu. It contains configuration options for the following items:
e Thresholds of Concern
e Rank Plot Display Options

Please click on the links above for details on the individual functionality of the PF Display Options
dialogue box.

DF Decay Tab
DF Decay Tab

DF Decay Tab

The DF Decay tab plots the results of delayed fluorescence measurements from all selected
records as signal over time. The default time base (as with all M-PEA Plus graphical analysis tabs)
is a logarithmic axis allowing kinetics of the DF decay to be visualised more clearly.

The default display shows all DF traces. However, using the "minus" and "plus" toolbar buttons, it
is possible to step through individual DF traces in the order they were recorded.

It is this graph that is displayed in the DF Mini Graph which is displayed in the PF & Ch2 graph tab.
Any changes to the DF Decay tab will be taken up and displayed in the DF Mini Graph.
The functionality of the DF Decay tab is described in the following sections:

e M-PEA Plus menu

e M-PEA Plus toolbar

e DF Axes Settings

e Setting Trace Colours
e Graph Options
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Clicking directly onto any of the 3 axes on the PF & Ch2 tab opens the axes settings dialogue as
shown in the diagram below.
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e A: DF axis configuration

e B: Linear time axis setting

To enable the linear time axis controls, the linear timescale must first be enabled by checking the
checkbox in this section. The time axis may then be set in useconds, milliseconds or seconds
using the radio buttons at a value set using the Max and Min spin boxes.

e C: Logarithmic time axis setting
Use the radio buttons to select the required time base according to the length of the recordings in
the current data set. By default, M-PEA+ will scale the time base to the most appropriate setting.

e D: Auto

Use this function to automatically re-scale both axes to most adequately display all signals in all
records selected in the Summary tab.
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DF Induction Tab
DF Induction Tab

DF Induction Tab

The DF Induction tab provides an alternative method of displaying delayed and prompt
fluorescence data and is only available if the DF measurement configuration has been set to Multi
(please refer to the Protocol Editor section for further information.

In the DF Decay tab, DF measurements are plotted as consecutive data points over time. In the DF
Induction tab, traces are created by linking data points with common time stamps from all DF
decay signals recorded in all dark phases of the measurement. For example, in the image below,
the uppermost DF Induction trace plots all the DF data points recorded at 10useconds after the
actinic illumination was switched off. The trace below this plots all DF data points recorded at
20useconds and so on.

The multi-coloured bands within traces in the DF Induction graph correspond to the different
phases of the variable prompt fluorescence data acquisition speed of the M-PEA. As the
acquisition speed of the prompt fluorescence signal reduces, there is more scope available to
record more DF data points within a dark phase. This is explained fully in the How DF is Measured
section.
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The functionality of the DF Induction tab is described in the following sections:
e M-PEA Plus menu

e M-PEA Plus toolbar

e DF Induction Axes Settings

e Setting Trace Colours

e Graph Options

e Average DF Induction

DF Induction Axes Settings

DF Induction Axes Settings
Clicking directly onto any of the 3 axes on the PF & Ch2 tab opens the axes settings dialogue as
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shown in the diagram below.
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A: DF axis configuration
B: PF axis configuration
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e C: Ch2 axis configuration

[}

e D: Linear time axis setting

To enable the linear time axis controls, the linear timescale must first be enabled by checking the
checkbox in this section. The time axis may then be set in useconds, milliseconds or seconds
using the radio buttons at a value set using the Max and Min spin boxes.

e E: Logarithmic time axis setting
Use the radio buttons to select the required time base according to the length of the recordings in
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the current data set. By default, M-PEA+ will scale the time base to the most appropriate setting.

e [: Auto

Use this function to automatically re-scale all 3 axes to most adequately display all signals in all

records selected in the Summary tab.

Average DF Induction

Average DF Induction

The DF Induction traces can be averaged by selecting the Average DF Inductions toolbar button or
Graph > DF Inductance Averages from the menu. Selecting this option renders a smaller set of DF
Induction traces which are the products of averaging sets of DF decay data points in the following

format:

Trace number on graph

diagram calculation
1 3
2 3
3 3
4 27
5 14

Number of DF decay data
points used in average

Description

The first trace consists of the
average of data points 1 -3 in
each DF decay signal centred
around the 20 psecond data
point.

The second trace consists of
the average of data points 4 -
6 in each DF decay signal
centred around the 50 pusecond
data point.

The third trace consists of the
average of data points 7 -9 in
each DF decay signal centred
around the 80 usecond data
point.

The fourth trace consists of
the average of data points 10 -
36 in each DF decay signal
centred around the 450
usecond data point.

The fifth trace consists of the
average of data points 37 - 50
in each DF decay signal
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centred around the 1.65
msecond data point.

The sixth trace consists of the
average of data points 51 - 77
27 in each DF decay signal
centred around the 12.7
msecond data point.

The seventh trace consists of
the average of data points 78 -
27 104 in each DF decay signal
centred around the 135
msecond data point.
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Sequential Tab
Sequential Tab

Sequential Tab

The Sequential tab provides the facility to "stitch" together consecutive traces within a data set.
This has a number of advantages for certain types of protocol - 2 of which are described below.

Enhanced Dark Drop Display

It has been suggested that the dark drops which occur on the PF trace when DF measurements are
taken, may be representative of QA activity which is scientifically valuable information.
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Currently, due to the variable data acquisition rate of the PF detector, dark drops are only
displayed between 300 puseconds and 30 mseconds on the PF trace. However, using a specific
protocol in conjunction with the Sequential tab, we are able to provide a complete PF induction
with dark drops displayed from 300 pseconds to the end of a 400 msecond trace.

The protocol consists of a set of 100 x 4 msecond recordings at 3000 umoles/m=2/s™1. Each
recording is immediately followed by 900 puseconds of dark in which 8 DF data points are recorded.
The sample protocol (filename is enhanced dark drops.txt) is installed along with the M-PEA
software and may be found in the following location: ..:\ProgramData\Hansatech Instruments Ltd
\M PEA\Protocols directory (assuming the M-PEA software has been installed in the Program Files
directory).

e Windows 2000, XP
c:\Documents and Settings\All Users\Hansatech Instruments Ltd\M PEA\Protocols\Sample
Protocols

e Windows Vista, Windows 7
c\ProgramData\Hansatech Instruments Ltd\M PEA\Protocols\Sample Protocols

If you cannot see the ProgramData directory, please ensure you have "Show hidden files/folders"
enabled. This is accessed from My Computer > Tools > Folder Options > View.

When the data recorded using this protocol is uploaded to M-PEA software, viewing the data PF &
Ch2 tab displays the full data set of 100 recordings and the final DF recording. However, if the
Sequential tab is selected, all 100 x 4 msecond recordings are "stitched" together to form a single,
400 msecond trace with all dark drops visible.
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Light Response Curve

With a pulse modulated type chlorophyll fluorometer, light response curves are simple to perform
by creating experiments containing light regime adjustments during the measurement process
without having to stop data acquisition. The data presentation of these light response curves is
visually appealing in the way that the chlorophyll fluorescence signal clearly shifts in response to
changes in light regime.

Historically, with a continuous excitation fluorometer such as Handy PEA or Pocket PEA, although
light response measurements are perfectly possible, data display makes it more difficult to
visualise a light response assay. In addition, these types of instrument did not have a far red light
source making the measurement of the Fo' parameter impossible.
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Using the Sequential tab, it is now possible to make a series of recordings at different light
reglmes and "stitch" them together in the Sequential tab as shown below.
_ﬁ, m-pea - ii_lght u 5 ]
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Rank Plot Tab
Rank Plot Tab

Rank Plot Tab

The Rank Plot displays a hierarchy of values for individual parameters for records/data sets
currently selected in the Summary tab. Values may be plotted either in ascending or record
number order from left to right across the data display area.

A parameter list at the left side of the screen allows individual parameter selections to be made.
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This tool serves to highlight major differences in the spread of results for each parameter
measured by the M-PEA. In addition, a Distribution Plot at the bottom of the Rank Plot tab displays
the frequency with which similar values occur.

The functionality of the Rank Plot tab is described in the following sections:
M-PEA Plus menu

M-PEA Plus toolbar

Parameter Selection

Rank Plot Settings

Data Display Area

Parameter Distribution

Display Options

, _
"', m-pea - [ctrl and heat stressed,scs] L -
Eile Edit m-pea Graph Tools View Window Help o = I
W EE W= & [@oo 8| BAFTTS5T A% %5
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Parameter Selection

Rank Plot Parameter Selection

Selecting any of the parameters from the Parameter Selection area plots the corresponding
parameter values for any records selected in the Summary tab.

Select Parameter
Fo T FwiFm
Fm © Tim
Fw " Area
F1

F2

F3

F4

Fh

RC | ABS
FvfFo

(1-V)) 1 ¥

Pl

User 1

User 2

User 3

Qe e e e e

8 el el e e e e e

Rank Plot Settings

Rank Plot Settings
Settings
v Popups
[ Rank Numbers

There are 2 settings available for the Rank Plot tab:

e Popups

In the Rank Plot data display area, hovering the mouse cursor near to a plotted point will display
an information popup as shown in the image below. This popup box shows the file and record
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numbers of the plotted point along with the date and time of the record and finally the value of
the parameter that has been selected to plot.

¥ & * . @u[}g + *
#: 35
= Record Mo: 35
D
Date: 24/09/06
Time: 09:19:36
Fv/Fm 0.795

4

Popup Information Boxes are also displayed in the Parameter Distribution Plot as shown in the
image below. Hovering the mouse cursor over the top section of the graph bars displays the
popup. The top section of the popup itself contains common information regarding the Distribution
Plot for the selected parameter.

I”‘\S_I ==

No of Bars: 40
Width® of Bars: 0.0085
Minimum Sample: 0.47
Maximum Sample: 0.81
Maximum Frequency: 6
Bar Range: 0.75 to 0.76
Frequency: 4
| | = = 0

No. Of Bars - The number of bars available.

Width of Bars - This value is calculated from the difference between the minimum and
maximum sample values divided by the number of bars on the plot.

Minimum Sample - The lowest parameter value in the selected records.

Maximum Sample - The highest parameter value in the selected records.

Maximum Frequency - The highest number of records in one frequency range.

The lower section of the popup indicates information for the bar closest to the cursor. In the above
diagram, this bar has a range in value of the Fv/Fm parameter of 0.47 to 0.81 (a bar width of
0.0085 as indicated in the upper section of the popup). The Frequency is the number of records
which have an Fv/Fm value (or whichever parameter is selected to plot) which falls within the bar
range. When the Parameter Distribution popup box is displayed, the data points which fall into the
viewed range are highlighted in the Rank plot area above.

e Rank Numbers
Checking this box displays the relevant record number below the plotted points in order to
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facilitate immediate recognition of records.

Data Display Area

Rank Plot Data Display Area

By default, parameter values (according to whichever parameter has been selected in the
Parameter Selection column) are plotted from left to right in ascending record number order. This
may be altered by selecting the "Rank Plot Data Sorted" option which is located in the "PF Display
Options" dialogue accessed from the Tools menu.

With "Rank Plot Data Sorted" enabled, the parameter values are plotted from left to right in
ascending parameter value order.

Colours: Auto

F3 - Rank Plot
21.5k

2.0k
20.5k

20.0k
*

#*
¢¢,++¢¢¢ffff**f*“f

-

19.5k
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18.5k
18.0k *

17.5k -

17.0k *

16.5k -

16.0k
0.0 0.2 0.4 0.6 0.8 1.0

Parameter Rank

Parameter Distribution Plot

Rank Plot Parameter Distribution

The Parameter Distribution Plot indicates the number of individual records with a parameter value
which falls into set band ranges. In the diagram below, 14 records have been selected in the
Summary tab. The difference between minimum and maximum Fo values for the record set is
2480. This value is divided by the number of records selected to give the number and width of the
available bands. The bars are then plotted according to the number of records with parameter
results which fit into each of the bands.

The Parameter Distribution Plot allows a clear visualisation of variations in parameter values
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throughout the selected data set.

Colours: Auto
Fo - Parameter Distrilbngion Plot
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Parameter Value [Fo)

Display Options

Rank Plot Display Options

The Rank Plot Display Options are located within the PF Display Options dialogue which is

accessed from the Tools menu.
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-
Prempt Fluorescence Displa Oy tions.

Thresholds of Concern

-Fw/Fm _PI
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Rank Plot Colours

A {+ Automatic Mumber of Colours = [ Rank Plot Data Sorted B
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Help
(™ Use PI Thresholds of Concern

Cancel
" Mone
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e A: Rank Plot Colours
These options allow the colours for the parameter value points plotted in the Rank plot to be user
defined. Four different settings are available for selection from the PF Display Options dialogue.

e Automatic - This option uses an automatic colour scheme consisting of up to 10 colours.
Parameter value points on the Rank Plot parameter frequency bars in the Parameter
Distribution Plot are coloured accordingly.

e Use Fv/Fm Thresholds of Concern - There are 3 different Thresholds of Concern colours which
are used in the Summary tab to visually indicate Fv/Fm values falling below 2 defined levels
(please refer to the Thresholds of Concern section for further information). They serve to
rapidly highlight records which may require further attention due to sub-optimal
photosynthetic performance. The 3 colours used are:

e Green (indicating values above the upper Threshold of Concern level).
e Amber (indicating a value between upper and lower Threshold of Concern levels).
e Red (indicating a value below the lower Threshold of Concern level).

These colour schemes allow records with lower Fv/Fm values to be easily identified within the
Rank Plot regardless of the parameter selected for display.
e Use Pl Thresholds of Concern - As above but for the Performance Index (Pl) Thresholds of
Concern.
e None - Rank Plot parameter points are all coloured black.
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e B: Rank Plot Data Sorted

With "Rank Plot Data Sorted" enabled, the parameter values are plotted in the data display area
from left to right in ascending parameter value order. If this option is disabled, parameter values
are displayed from left to right in ascending record number order.

Parameters Tab

Parameters Tab

Parameters Tab

The Parameters Screen shows all or a user-defined set of the available parameters which have
been calculated from the raw fluorescence signal measured by the M-PEA. Parameters are
displayed for all records currently selected in the Summary tab and are presented in a spreadsheet
type format as shown in the image below.

Individual parameters may be selected/un-selected for display using the Parameter View
Parameters dialogue box (accessed from the Tools > Parameter View Parameters menu option).

Parameter columns are placed from left to right across the viewable screen area. Further
parameters which are off the screen area may be scrolled into view using the horizontal scroll bar
at the base of the screen.

These parameters may be exported to external data analysis applications such as Microsoft
Excel® using the Export Parameters function in the Files menu.
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1 443830 |10866 (43758 [32892 |0.2483 | @0.752 |3.027 0.4990 |0.9053 |0.9601 1.0407  [«]
2 485568 |10621 |43200 |32579 |0.2459 |»0.754 |3.067 0.5221 |0.8967 |0.9460 [1.1073

3 535367 |10579 (43011 [32432 |0.2460 |@0.754 |3.066 0.5171 |0.8900 |0.9139 1.0786

4 568443 |10585 |42951 |32366 |0.2464 |@0.754 |3.058 0.5133 |10.8821 |0.9059 1.0627

5 592738 |10574 (42925 |32351 |0.2463 | 0754 |3.059 0.5119 |0.8755 |0.8970  [1.0568

6 604969 [10606 [42887 |32281 (02473 |@0.753 [3.044 0.5120 |0.8716 |0.9039 1.0561
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27 692888 |15017 19701 |4684 |0.7622 |@0.238 |0.212 0.6371 |0.4744 |2.8864 [2.2613

28 649974 14990 (19268 |4278 |0.7780 |@0222 [0.285 0.6578 |0.4874 28050 |2.2721

29 603119 [15004 |18909 |3905 07935 |@0207 |0260 0.6676 |0.4924 |2.8169 |2.2627
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Protocol Tab

Protocol Tab

Protocol Tab

The Protocol tab gives a summary of the protocol that was used to record the current data set in
the M-PEA Plus software. This information regarding the protocol is saved along with the data file.

The Protocol tab consists of 5 areas:
e Title
The protocol title as defined in the Protocol Editor.

e Protocol
Gives overview information regarding the protocol including Ch2 setup details, number of
acquisitions taken, RA (Relative Absorptivity) results if recorded and DF setup details.
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e Sensor
Provides diagnostic information regarding the M-PEA Optical Sensor.

e Acquisition Table
Provides full details of the light regimes used for the protocol. This section is essentially a
reproduction of the Light Table section of the Protocol Editor.

e Repeats
Provides details of protocol repetitions.

s

"7 r-pea - [PF 105 DF m
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Set 0:
ﬁ Title PF 10s OF multi Ch2 scs
Protocol Sensor Serial Number: 29012
Channel 2 disabled during DF Light Cff periods. Emitter Wavelengths RA Settings
Acquisitions 1 Actinic 625 nm Actinic 177 bits
Channel 2 Intensity 100% Modulated 820 nm Modulated 15 bits
Far Red 735 nm Far Red 228 bits
Relative Absorptivity Detector Wavelengths 'Black’ Readings
Actinic Not Recorded Prompt 730 +/-15 nm Actinic 1010 bits
Far Red Not Recorded DF 730 +/-15 nm Modulated 842 bits
Modulated Mot Recorded Modulated 830 +/-20 nm Far Red 591 bits
UV Timer "White' Level
NA All 10000 bits
DF Points: 0/ 8136750/ 77 /104 /131 Diagnostic 1 1700mV / 143mV
Diagnostic 2 84.95
Acquisition Table
# Ch2 'Pre' Acquisition Acquisition
Duration lllum(ulM) FARRed DF Duration Points IHum(uM) FAR Red
1 oM - - - Multi 10s 145 3000 0%
Repeats
Repeats =1
Repeat Interval 1 min @ 0 uMoles
Total Time Approx 10.0 seconds
Total Mo of Acquisitions 1

o |
Ready [ :NUM| | A
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Tabulated Data Tab
Tabulated Data Tab

Tabulated Data Tab

The Tabulated Data tab displays a table of the raw PF, Ch2 and DF signals recorded by the M-PEA
with the individual record number on the top row and the data point number and time base of each
data point in the left columns of the table.

The raw data points for each individual signal may be viewed by selecting the relevant radio
button in the "Select Data" panel on the left of the screen. The "+" and "-" buttons below the
delayed fluorescence radio button allow DF recordings from each of the individual DF bands to be
cycled through.

The Time Mark data points are set by default to be highlighted. However, this feature may be
disabled by unchecking the Time Marks option in the Preferences panel.

When exported into other data analysis applications such as Microsoft Excel®, it is this data that
should be used in order to re-constitute the signal curves or for calculation of additional
parameters and indexes not available in the M-PEA Plus software.
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Radar Plot Tab

Radar plots provide a convenient method of comparing 2 factors:
e The spread of individual parameter values for selected records within a data set.
e Avisualisation of which parameters have greater variance which may therefore offer greater

sensitivity when monitoring sample response to certain types of stress.

4

Point No |Time #1 #2 #3 #4 #5 #o #T |
1 10us 10957 10793 10734 10715 10715 10748 10766 [ =]
2 20us 11605 11433 11356 11318 11331 11352 11399
3 30us 11880 11709 11611 11592 11606 11616 11650
4 40us 12172 11991 11907 11887 11876 11888 11928
] 50us 12489 12270 12174 12156 12137 12173 12182
6 60us 12792 12578 12485 12428 12417 12447 12494 —
7 70us 13107 12893 12774 12736 12716 12757 12775
8 B0us 13416 13213 13071 13026 13013 13024 13066
9 B0us 13751 13532 13389 133583 13327 13347 13383
10 100us 14073 13875 13732 13649 13639 13663 13699
11 110us 14391 14203 14034 13985 13956 13974 13979
12 120us 14724 14526 14362 14289 14274 14288 14331
13 130us 16067 14879 14686 14608 14606 14602 14644
14 140us 15381 15206 15026 14941 14904 14939 14956
15 150us 15700 15560 15334 15248 15238 15238 15258
16 160us 16005 15878 15682 15569 15538 15561 15576
17 170us 16304 16206 16972 15881 15868 15872 15892
18 180us 16620 16527 16294 16199 16148 16178 16181
19 190us 16911 16866 16612 16534 16487 16481 16515
20 200us 17199 17148 16915 16806 16772 16766 16792
21 210us 17465 17472 17200 17091 17056 17058 17072
22 220us 17756 17762 17504 17385 17337 17336 17363
23 230us 18011 18058 17771 17658 17613 17608 17619
24 240us 18268 18315 18051 17930 17870 17883 17898
25 250us 18524 18616 18286 18184 18136 18137 18146
26 260us 18756 18871 18564 18433 18380 18395 18416
27 270us 18996 19125 18834 18681 18646 18641 18652
28 280us 19210 19385 19084 18947 18883 18887 18902
28 280us 19424 19640 19324 19184 18121 19128 19137
30 300us 19647 19860 19561 19392 19364 19340 19356
3 400us 21449 21839 21492 21342 21271 21262

21258 |~
’

[MuMm

Individual parameters may be selected/un-selected for display using the Radar Plot Parameters
dialogue box (accessed from the Tools > Radar Plot Parameters menu option). The Radar Plot
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reference record (shown in the image below as the bold red intersecting line) is selected from the
Radar Plot Options dialogue which is accessed from the Tools > Radar Plot Options menu option.

The Radar plot highlights the variation within the results for each parameter as a function of the
reference record. It also serves to indicate which parameters may offer greater sensitivity. For
example, from the plot below, we can clearly see 2 distinct sets of values.

The Radar plot may be scaled in order to fit the display area by clicking on an intersecting point
between the Reference line and the Radar axes and dragging the plot to the appropriate size. This
control instruction is also indicated at the top left corner of the data display area.

5 =T

.- Eile Edit m-pea Graph Tools WMiew Window Help =& %]
DeE RS EY | u=+|ll= ¥ Becos $aPIFTT|(TETTTSE T I
| Summary YF"F yDF Decay ’DF Ind. YSequential yRank Plats YParameters Protocal ’Tahulated YRadar -

I Set 0: |
Scale: click on intersection of reference & axes, then drag to adjust.

Ready [ Num [

© 2017 Hansatech Instruments Ltd



M-PEA+ Software 113

4.3.4 Data Sets

4.3.4.1 Introduction

Introduction to Data Sets

From the Summary tab, M-PEA Plus offers the ability to group records into individual data sets.
This allows convenient separation of groups of records within the main file set. For example, in a
set of 40 records, 10 measurements are from a control sample with a further 10 measurements
from each of three different experimental conditions. It is possible to group each set of 10
recordings into an individual data set for separate analysis and for direct comparison with the
other data sets.

The records are sorted into sets from the Summary tab using the Tools > Sets menu option or from
the Data Set Configuration & Display Toolbar group shown in the diagram below.

Data Set Configuration Data Set Display
lSi:T SET S%T E’-ET = 5 T EET P 3 ET . S%T I:I EEE . S:::I E:) n b‘
B N T_T I
AB C D EF G H | J

Data Set Configuration

e A: Show default set (all data downloaded from M-PEA).

This control is active in all tabs and is used to display all records in the data set regardless how
many individual sets have been configured. Please refer to the Configuring Data Sets section for
further information.

e B: Define a set.

This control is active in the Summary tab only and is used to commit any record selected in the
Summary tab to an available set number. Any records selected when this tool is pressed will be
highlighted in red. Please refer to the Configuring Data Sets section for further information.

e C: Set Selector Controls.

These controls are active on all tabs and are used to display pre-defined data sets consisting of
selected groups of records from the main data set. Set selector controls with associated records
are active and may be clicked in any data display tab. Un-configured set selector controls are
greyed out. Please refer to the Configuring Data Sets section for further information.

e D: Set Selector Controls.
Un-configured set selector controls. Please refer to the Configuring Data Sets section for further
information.
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e E: Display information about currently defined sets.
This control is visible on all tabs and is used to display and re-configure properties of all currently
defined sets. Please refer to the Configuring Data Sets section for further information.

Data Set Display

e F: Single Pane Viewing Mode.

This control is visible on all graphical analysis tabs and is used to display the currently selected
records in the Summary screen for a single selected data set. Different data set records may be
displayed by either selecting the relevant set number button from the Toolbar or Menu, by
initiating a slide show of the defined data sets (see Slide Show controls below) or by manually
scrolling through the available data sets using the previous and next arrow buttons on the Toolbar
(see below). Please refer to the Displaying Data Sets section for further information.

e G: Multi-Pane Viewing Mode (Quad 1 & Quad 2).

This control is visible on all graphical analysis tabs and is used to display records from up to 4
defined data sets at a time. Clicking the left button (Quad 1) will display data sets 1 - 4 (if
defined), the right button (Quad 2) will display the remaining sets 5 - 8 (if defined). In multi-pane
view, changes made to the configuration (axes changes, toggle log/linear plot etc.) of either of the
graphical analysis tools will be global i.e. all data set plots in view will be affected by the
configuration changes. Please refer to the Displaying Data Sets section for further information.

e H: Multi-Pane Viewing Mode (Octal).

This control is visible on all graphical analysis tabs and is used to display all selected records from
all defined data sets simultaneously. As with multi-pane viewing mode (Quad 1 & Quad 2), any
changes made to the configuration settings (axes changes, toggle log/linear plot etc.) of the
graphical analysis screen when in this viewing mode are global. Please refer to the Displaying
Data Sets section for further information.

e |: Data Set Scroll Buttons.

This control is visible on all graphical analysis tabs when in Single Pane Viewing mode. Clicking
either arrow button will scroll backwards or forwards through all defined data sets plotting each
set on the currently selected analysis tab accordingly. Please refer to the Displaying Data Sets
section for further information.

e J: Data Set Slide Show Controls

This control is visible on all graphical analysis tabs when in Single Pane Viewing mode. Clicking on
the Play button will automatically scroll forwards through all defined data sets with user
selectable intervals of between 1 and 20 seconds (default is 2 seconds). Selected records within
all defined data sets are plotted on the currently selected analysis tab accordingly. Please refer to
the Displaying Data Sets section for further information.
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4.3.4.2 Managing Data Sets

Managing Data Sets

Sets may be edited at any point by selecting the "Manage Sets" button on the toolbar or by

selecting Tools > Sets > Manage Sets from the menu to open the Manage Sets dialogue. This

dialogue is essentially the same as the Save Set dialogue with the exception of 2 main points:

¢ |In the Manage Sets dialogue, it is possible to select any of the defined sets from the Set number
buttons at the top of the dialogue. Clicking any of the buttons displays the respective set
properties and allows them to be edited accordingly.

e A Delete button is also active in the Manage Sets dialogue allowing entire sets to be deleted.
Once a set is deleted, the set number button on the Toolbar becomes inactive.

A
B |I Manage Sets. T 2-
5 “ set1 Set 2 Set 3 | Set 4 e | et 6 | Set 7 | Set & |
rSet2
D - Title |cl
—Rows —Radar -
Set Contains Set does NOT Fe b i
E Contain
1 7 i T 7
12
13
14 =
F a =
16
17 N
18
; —‘/:,"ff
G H / ”'—’/; Delete I
H || — K Cancel | Help |
L

e A: Inactive set selector buttons.

[

e B: Active set selector button.

Indicates that the set number has data associated with it.

e C: Active set currently being edited.
[}
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e D: Set Title.
User-definable title to be saved with the set.

e E: Records NOT included within the current set.

This list indicates the record numbers from the complete data set that have not been selected for
inclusion in the current data set. Any of these records can be added to the set by clicking on the
relevant record number and clicking the Add button to the left of this list. These records may be
removed from the set at any point by clicking the relevant record number in the "Set Contains" list
and clicking the Remove button.

e F: Records included within the current set.

This list indicates the record numbers from the complete data set that have been selected for
inclusion in the current data set. Any records from the complete data set that have not been
included can be added to the set by clicking on the relevant record number in the "Set does Not
contain" list and clicking the Add button. These records may be removed from the set at any point
by clicking the relevant record number in the Set Contains list and clicking the Remove button.

e G: Add/Remove records from data set.

[

e H: Record number within current data set to be used as the reference in the Radar Plot.
Please refer to the Radar Plot Tab section for further information.

e |: Deletes the current data set.

Another method of editing the set is to perform changes directly in the Summary screen. Select the
required set from the set number Toolbar buttons (further information on these control buttons
may be found in the Toolbar section of this document). The set number and given title will be
displayed at the top of the summary table in bold type. Selecting further records or unselecting
records will cause the set number and title at the top of the table to fade out indicating that
changes have been made to the active set. Attempting to access other sets from this point will
generate a warning message indicating that the set has been edited and offers the option to save
the changes.

4.3.4.3 Displaying Data Sets

Displaying Data Sets

Once data sets have been configured, the records within each set may be quickly and effectively
plotted independently on all of the M-PEA Plus data analysis tabs. In all tabs, individual configured
sets may be stepped through using the forward and back arrows on the Data Set Configuration &
Display Toolbar group.

In the graphical analysis tabs (PF & Ch2, DF Decay, DF Induction, Sequential, Rank Plot and Radar
Plot), Sets may be displayed using single or multi-pane viewing options as shown in the diagram
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below using the PF amp; Ch2 analysis tab as an example. When in single pane view mode, any
pre-configured data sets can be graphed by clicking on the corresponding set number button on
the toolbar, selecting Tools > Sets > Select > relevant set number or by using the forward and back
arrows as mentioned above.

Tq'rm,n, rm-pea - [Light Re-p'sonseCu :

I . Eile Edit m-pea Graph Tools V|ew Wmdow Help - & x
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It is important to note that only selected files within the data sets will be plotted on the axes. It is
necessary to return to the Summary screen in order to select the records within the data set that
are required to be plotted.

Multi-pane view mode allows multiple data set plots to be displayed on screen allowing direct
visual comparison of the data sets. Plots can either be displayed 4 at a time (using the Quad 1 and
Quad 2 Toolbar buttons) or all together on a single screen (using the Octal Toolbar button).

The image below shows 4 data sets plotted for visual comparison. The corresponding data set
number is printed at the top left corner of each individual data set graph for identification
purposes. In the multi-pane viewing mode, any alterations made to the axes and trace settings are
universal meaning all graphs in the current view will be affected.

© 2017 Hansatech Instruments Ltd



118 M-PEA Manual

4.3.4.4 Movie Mode

Movie Mode

Movie mode is applicable to the graphical analysis screens (PF & Ch2, DF Decay, DF Induction,
Sequential, Rank Plot and Radar Plot) in M-PEA Plus when multiple data sets have been defined.

In single pane viewing mode, consecutive data sets for each type of plot may be automatically
scrolled in a Movie mode. The Play Speed dialogue allows the time each slide remains in view
before moving to the next defined data set slide to be set between 1 and 20 seconds (with the
default being 2 seconds). This control is accessed from the Tools > Movie Mode > Play Speed
menu option.

The Play Speed is set by dragging a slider bar as shown in the image below.

20 Seconds

2 Seconds per Slide

435 Thresholds of Concern

4.3.5.1 Introduction

Introduction to Thresholds of Concern

Thresholds of Concern may be applied to the Fv/Fm and Pl parameter display columns in the
Parameter tab and optionally in the Summary tab (depending on which Hot Parameters are
selected).

Thresholds of Concern and the associated coloured markers provide rapid identification of records
which have low values for Fv/Fm and/or PI. 2 values may be defined for each parameter in order to
indicate 3 possible states. These values should be relevant to the current project where it has
been pre-determined that samples with values lower than the defined levels require specific
levels of attention.
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Thresholds of Concern levels may be set from the Tools > PF Display Options menu option as
shown in the image below.

e - : B
Prompt Fluorescence Display O ticns ﬁ
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(™ Use Fy/Fm Thresholds of Concern
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Cancel
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e A: Enable Thresholds of Concern for Fv/Fm
Any records with Fv/Fm values above this level will be identified in the Summary (if configured)
and Parameter tabs by an adjacent Green disc.

e B: Threshold of Concern level 1 for Fv/Fm

Any records with Fv/Fm values below this level but above Threshold level 2 will be identified in the
Summary (if configured) and Parameter tabs by an adjacent Amber disc. Further analysis of the
samples associated with these records may be required in order to determine the cause of the
lower than expected values.

e C: Threshold of Concern level 2 for Fv/Fm

Any records with Fv/Fm values below this level will be identified in the Summary (if configured)
and Parameter tabs by an adjacent Red disc. Further analysis of the samples associated with
these records may be required in order to determine the cause of the lower than expected values.

e D: Enable Thresholds of Concern for Pl
Any records with Pl values above this level will be identified in the Summary (if configured) and
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Parameter tabs by an adjacent Green disc.

e E: Threshold of Concern level 1 for PI

Any records with Pl values below this level but above Threshold level 2 will be identified in the
Summary (if configured) and Parameter tabs by an adjacent Amber disc. Further analysis of the
samples associated with these records may be required in order to determine the cause of the
lower than expected values.

e F: Threshold of Concern level 2 for PI

Any records with Pl values below this level will be identified in the Summary (if configured) and
Parameter tabs by an adjacent Red disc. Further analysis of the samples associated with these
records may be required in order to determine the cause of the lower than expected values.
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Purchasers of Hansatech Instruments Ltd products can be assured of
ongoing support and prompt and efficient attention to enquiries at
all times.

All products supplied by Hansatech Instruments are guaranteed for
12 months from the time of despatch against manufacturing faults or
defective materials. The guarantee does not cover damage caused by

misuse or unauthorised attempts to repair.

If difficulties are experienced with the equipment, please contact
Hansatech Instruments for advice. If necessary, equipment may be
returned for repair/replacement during the warranty period. No
charge will be made for parts/labour under warranty but we reserve
he right to charge for customs clearance and return carriage if
appropriate.

For repairs outside of the warranty period, please contact us at the
address below for an estimate of cost and instructions regarding the
return of equipment.

If the product was purchased via a distributor, please contact them
for advice in the first instance.
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