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What is “MYOCYTER”?

MYOCYTER is a macro for Imagel (for v1.52q and above), which extracts a wide range of
information from video files of cyclic contracting cells such as cardiomyocytes or even whole
hearts.

The macro outputs a spreadsheet with 43 different parameters, which are measured over time
for each single frame of the video, as well as detailed statistics on the data obtained. The results
are stored as tab-delimited text files that are compatible with traditional software for further
data processing, analysis and presentation such as “Excel”, “SPSS”, “SigmaPlot”, or “Prism”.

The code of MYOCYTER is open-source (written in the most used Java-like programming
language), contains detailed descriptions of the individual subsections, which greatly simplify
individual modification or adaptation of the macro(s) by the user, if necessary. The data output
contains a detailed data table, images and (optionally) animations.

The most recent version of MYOCYTER can be found at www.scyrus.de, updates are also

presented on our YouTube-channel and GitHub.

Version 1.2 introduces some very useful new features:

e A batch-mode that can apply specific settings for threshold and size from the pretests to
every single processed video.

e A generator for batch-lists providing those individual settings that can be selected via
mouse-click from the pretest-images.

e The possibility to exclude unwanted datasets just by clicking on a small plot of the
according amplitude.

e The option to extract data from large files that can be exported to other software for
further statistics.

e Enhanced stability and some cosmetic optimizations.

Manual MYOCYTER (v. 1.2), October 2019 H Page 3 of 52



Quickstart guide

With version 1.2 of MYOCYTER, the Quickstart became a separate document included in the
downloadable content at www.scyrus.de.

How does MYOCYTER work?

The basic idea of the macro is very simple:

If one has a video of contracting cardiomyocytes (or similar moving structures of interest), their
movement induces differences between the successive images of a video. If the cell is static,
the differences are very small, if the cell moves quickly, the differences are correspondingly
higher. These differences between the individual images can be easily measured with a function
implemented in Imagel, the result is presented as intensity map: Brightness represents big
differences (=fast movement), and darker areas indicate little or no differences (=less/no
movement). Pixel intensity correlates with the movement of the cells and can easily be
measured with Imagel.

Two types of differences are measured: one between the successive frames of the video, the
other between a reference image (“reference frame”, more on this later) and all other images
in their chronological order.

The differences between successive images correspond to the “speed” of a movement: the
speed will be high, if a cell moves quickly and the resulting differences between successive
frames will be also high.

Differences between a reference image and all other images in their temporal order
correspond to the “amplitude” of the movement, as the “amount of deformation” of the
contracting cell compared to the reference image. If the reference image represents the cell in
its resting state, the amplitude will be low if the reference frame is compared to other frames
showing the cell in its resting state. But if the reference image is compared to the cell in its state
of maximum contraction, the difference will be high and consequently the amplitude also.

If one wants to represent the amplitude such that a high value also corresponds to a high
contraction, then the reference image should represent the cell in the non-contracted resting
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state.

The reference image can be selected in two different ways: Either the macro automatically
calculates it by determining the image with the least difference to the next one. Empirically, it
has been shown that these images are usually in the resting phase of cells or hearts. Or the user
selects the corresponding picture by entering the according frame number (see later).

If one selects a picture of the cell in the state of maximal contraction as reference picture, the
classical graph becomes inverted: states of maximal contraction are now represented by the
minima of the curve, which represents the differences to the reference picture. The basics of
such motion analysis are described in detail by Jan David Kijlstra (Stem Cell Reports, 5:1226-
1238, 2015). Custom or automatic selection of the reference image will be discussed later in the
section “Processing your videos in MYOCYTER — Evaluation”.

After extracting the values for “amplitude” and “speed” over time from a video file, a large
variety of further parameters is also calculated from these date by setting various thresholds
and via detection of local maxima and minima.

What is necessary to run MYOCYTER?

e You need Imagel (version 1.52a or higher, freeware)

e You need video files that are compatible with Image) (uncompressed or MIJPEG-
compression)

e You need “MYOCYTER” (please always use the latest version).

Imagel

To execute this macro, the user needs Imagel, a public domain, Java-based image processing
software, available here (for free):

https://imagej.nih.gov/ij/download.html

Though, Imagel and FlJI are considered to be able to run the same macros, but in this case, the
use of FlJl is NOT recommended. MYOCYTER is tested and optimized for ImageJ) 1.52b and use
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of this (current) version is highly recommended. FlJI uses a different naming of auto-generated
image windows that is not (always) compatible with Imagel. If MYOCYTER is executed in FlJI, it is
likely that the macro will abort with the message “image not found in line xy”. Though, this
version of MYOCYTER (v.1.2) was successfully tested with FlJI version 2.0.0-rc-69/1.52n.

However, since Imagel is freeware, it is no problem to get the corresponding version 1.52q (or
higher).

MYOCYTER

This macro and additional material (sample videos) can be downloaded at www.scyrus.de, just

visit the macro section. Any updates or modifications of MYOCYTER released by our group will
be also found there.

How to get video files from a microscope?

The minimal experimental set-up consists of a transmission light microscope, a holder (there are
many different types available) attaching a current smartphone to the ocular and the
smartphone itself. The smartphone should have a “slomo” function and be able to produce
videos with more than 100 frames per second (> 100 fps) - but this is the case for most of the
current mid-range smartphones (120-240 fps). 100 frames per second should be considered as
the recommended lowest limit for a meaningful evaluation. Cardiomyocytes in cell culture
contract about 2 times per second. Thus, a recorded contraction is only represented by about
50 images (rather less). However, these 50 measurement points are necessary to map the
contraction in detail and to examine, for example, changes in systole and diastole. Mouse hearts
beat about 10-12 times per second — so, there are less than 10 measuring points or single
images depicting a whole contraction. In order to obtain 40-50 measuring points in this case,
too, a correspondingly higher frame rate of around 500 fps would be necessary. In shrews, the
heart rate can be up to 22 beats per second, which in turn would increase the required frame
rate to nearly 1000 frames per second. The hardware used in this case should be adapted to the
examination object if necessary. A well known manufacturer announced in 2017 the coming
release of smartphones that should allow frame rates of almost 1000 fps.
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The effects of a low frame rate on the depiction of a contraction are shown in Fig. 1.

120 Frames per second 60 Frames per second

1.6

Amplitude [a.u]

15 Frames per second

Amplitude [a.u]

0.4 ' ' '
8 Frames per second 4 Frames per second
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0.4 I 1 1 L 1 1 1 L
0 0.2 0.4 0.6 0.8 1.0 O 0.2 04 0.6 0.8 1.

Time [s] Time [s]

Fig. 1: Effects of the frame rate on the calculated amplitude

This figure shows the effects of the frame rate on the final plot of the amplitude after evaluation with MYOCYTER. A
cardiomyocyte (isolated from a mouse) contracts about 3 times per second, so at 120 frames per second (fps) there
are about 40 data points/frames per contraction available (“120 fps”). If the frame rate of the picture is reduced
(halving from panel to panel), correspondingly fewer measuring points are available for describing the shape of a
contraction. The shape of the curve loses detail until a complete contraction is only represented by a single
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measurement point (at “8 fps”). At “4 fps”, the frame rate is so low that the information of whole contractions is
missing.

Please also keep in mind when choosing the hardware that you may spend a whole day at the
microscope. If your smartphone is charged via the USB port of a computer, then its output
voltage/output power may not be sufficient to charge the smartphone faster than it is unloaded
by video recording. USB 2.0 provides 500 mA at 5 volts, USB 3.1 (900mA/5V) and USB Type-C
(1.5 to 3A at 5V). With an older USB port, it may be necessary to provide a portable charger,
which charges the smartphone faster, so that the video recording does not have to be
interrupted for a longer time.

It is also possible that during an experiment several hours of high-resolution material (HD, Full
HD, 4K) at very high frame rates (100-1000 fps) incurred and the corresponding amount of data

may be larger than 100 gigabytes. In this case, the data from the smartphone should already be
moved to a computer or mobile data storage during the experiment.

How to start MYOCYTER in Image]?

The simplest way:

1. Start Imagel (
2. Fig.2)
3. Drag & drop the text file containing the macro directly onto Imagel (Fig. 3)
4. Select “Macros” > “Run Macro” in the new window or just “String + R” on the keyboard.
4 Image! o=
File Edit Image Process Analyze Plugins Window Help
B olz|v| <+ Al |o)F olefs]als] | |-
Command Finder Tool | Fig. 2: The user interface of Image)

= P

4 Imagel

File Edit Image Proc| yze| Plugins Window Help . . .
Egggﬁd_ _4_| o, ‘ gr7|| O\‘ De\i| J ‘ A ‘ /'| ‘ ‘ »l Flg. 3: Drag and Drop the text file
<<Drag and Drop>> —

| Verschieben |
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containing the macro “MYOCYTER”

If this does not work (for any reason), open the text file containing the macro, select all (String +
A) copy the macro (String + C). Open Image), select “Plugins” > “Macros” > “Record”, paste the
macro in the new window (String + V) named “Recorder”, click “Create” (Fig. 4) and in the new
window select “Macros” > “Run Macro” (Fig. 5) in the new window or just press String + R on
the keyboard.

s — N
4 Recorder "Tii =R

Record: |Macro j Name: |Macro.ijm %mel I

if (isOpen("Summary")) {
selectWindow ("Summary™);
run{"Close");

}

[ RrRERahhkkaskhrhsskids End of closing possible opened windows

E A iebobobiobo bbbl Evaluaticon ends here

Fig. 4: Recording and creating a macro

g‘ Image) =] P

File Edit Image Process Analyze Plugins Window Help

B oja|o|~4|+/A[A||0]@F] aje|s|als] | |

Developer Menu

v

>

[ 4 Myaciter Aktuellste Version 360 (Kompatibilitat).tt [E=EE )
File Edit Font Examples Debug
[ e Run Macro Strg+R — i
[ @
" " Evaluate Li Strg+Y b
requires("1.50b") valuate Line g+
Abort Macro
filetype=".avi"; Install Macros Strg+
run("Colors_..", "foreground Macro Functions... Strg+Umschalt+M ;
run("Set Measurements..",| Function Finder . Strg+Umschalt+F  :nter peri
run("lnput/Output_", "jpeg= | row sav
Evaluate Macro
getDateAndTime(year, mor  gyaiyate Javascript strg+  $eCONd, 1
MonthNames = newArray(" " "Sep
Evaluate BeanShell Strg+Umschalt+B
if (hour<10) {hours = "0"+ho  Evaluate Python Strg+P
else {hours=hour;}
it (minute<10) {minutes = "0 Show Log Window Strg+Umschalt+L

else {minutes=minute;}
if (month<10) {months = "0"+(month+1);}

else {months=month+1;}

if (davOfMonth<10) {davOfMonths = "0"+davOfMonth:} A2

< [l v

Fig. 5: Starting a macro in Image)
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After starting the macro, the user can select between “1. Pretest (for size and threshold)”, “2.
Create a Batch List”, “3. Evaluation”, “4. Exclude Data”, “5. Re-Evaluation” and “6. Data
Extraction”. This list also represents the typical workflow of an evaluation.

“Pretest” processes all videos in the folder that is selected and returns a tiled image with
different combination of the size of moving structures (“Size”) that the user want to be
recognized as cells (increasing horizontally) and intensity “Threshold” (corresponding to the
intensity of cellular moving, changed vertically). The number of cells (ROIs) recognized in the
original video does not matter here - it can be a single one or several cells, since every single ROI
is evaluated separately.

“2. Create a Batch List” produces a list with the individual settings, a combination of “Size” and
“Threshold” that matches the needs of the user. The “Batchlist” is created just by clicking one
of the 12x12 small panels of every pretest image. After copying the “Batchlist” into the folder
containing the videos, every single one will be evaluated with individual settings for “Size” and
“Threshold” selected from the pretest in the third step: “3. Evaluation”.

Evaluation returns a large variety of information extracted from the video file: The first one is
the first frame of the analyzed video with information about the investigated ROIs, outlined in
yellow and marked with numbers. While saving, the individual data of the according ROls are
identified with the filename extension “cell 01”, “cell 02” and can be easily assigned to the
image displaying the ROIs. Also, every single ROl is stored as separate video file extracted from
the original one, as well as video just displaying the difference between subsequent frames. In a
separate subfolder, a plot showing the amplitude of the according ROl is stored (in two different
resolutions).

Besides of the static images, also an animation is generated (this is optional), that shows the
complete amplitude-plot scrolling from left to right with the moving cell from the according ROI
in the upper left corner at exactly the moment, where the scrolling plot touches the y-axis,
while the x-axis represents the according time in seconds (the first frame is defined to be at
time point zero), calculated from the frame rate of the original video. This animation can be
opened later in Imagel for frame by frame view. Finally the data are also stored as data table
(text file, tab delimited) containing the filename of the analyzed video, the specific ROI, and all
the data columns extracted from the video file(s). At the end of this table, several statistics are
shown. Furthermore, every evaluation is stored with date, time and the settings applied.

The step “4. Exclude Data” enables exclusion of unwanted data without changing the original
ones. This selected data are stored as “Results (selected)” text file next to the original “Results”.
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Step “5. Re-Evaluation” is optional and enables application of different thresholds and
detection sensitivities for amplitudes in real time if the settings of the evaluation are not quite
perfect. The final step “6. Data extraction” prepares the gained data for copy/paste export to a
statistics software.

Preparing your video files for MYOCYTER

After recording with a smartphone or video camera, most of the files will be in MOV or MP4
format. ImagelJ is (yet) unable read these formats. Thus, you need a video converter that
converts this file type into an Imagel-readable format. Readable for Image) are uncompressed
AVI files, which, however, occupy a great amount of RAM during data processing. Another
Imagel-compatible format are MJPEG-compressed AVI files.

But even if material is sufficiently high frame rate, there may be other technical problems that
affect the evaluation. MOV and MP4 are already lossy compression formats, so converting them
to another lossy format (MJPEG) can significantly (further) reduce video quality. Another source
of artifacts are so-called keyframes. One strategy of (lossy) video compression is storage of a
whole frame (keyframe) followed by storage of just the differences between subsequent frames
for the next 100-200 frames before resetting a whole keyframe. The difference between a
normal image and a keyframe can be significantly larger than between the images preceding
and following that keyframe. Such a deviation can be misinterpreted as movement during
evaluation via MYOCYTER.

IMPORTANT:
e Avoid the special character “-“ in the filenames of the videos to be analyzed.
e The extension of the file should be “.avi”, but NOT “.AVI” (or else). This issue can be

solved quickly by using the Windows command line (cmd.exe). Select the according

" ou

folder, type “ren *.AVI *.avi” (without the quotation marks) and press “ENTER”.

Manual MYOCYTER (v. 1.2), October 2019 “ Page 11 of 52



Video compression

Imagel is very dependent on memory. For very large files, it may be advantageous, depending
on the existing hardware, to shrink or shorten these files. Furthermore, it has been shown that
compression of video data can have a significant influence on the results (please take a look at
our publication, “The MYOCYTER — Convert cellular and cardiac contractions into numbers
with Imagel”’, Grune, T.; Ott, C.; Haseli, S.; Hohn, A.; Jung, T., ScientificReports, October 2019,
Fig. 3, panels | and J), especially if the area of the cell to be examined is small compared to the
overall picture. Since most cameras and smartphones record videos in MP4 or MOV format,
which are lossy compressions (in contrast to lossless compression, groups of similar pixels are
merged, and information is actually lost), these effects are already present in the input data.
The recording of uncompressed video data in the resolution that today’s mid-range
smartphones already offer (HD, Full HD) at frame rates of 120 or 240 fps would require very fast
hardware and produce extremely large amounts of data (uncompressed AVI, 120 fps, HD, >332
MB/s, in contrast, MOV from a smartphone, 120 fps, HD, is recorded at about 900-1000 kB/s in
a typical video). Thus, at least for the moment, further compression (MJPEG) of already
compressed data (MP4/MOQV) is necessary to provide videos that are compatible with Imagel.
This should be taken into account if videos from different sources or after different processing
are evaluated and compared.

Another source of artifacts are so-called keyframes. One strategy of video compression is to
store a whole frame (keyframe) and then just frame-to-frame changes for the next 100-200
frames before resetting a keyframe. The difference between a normal image and a keyframe
may be significantly larger than between the images preceding and following that keyframe.
Such a deviation can be misinterpreted as movement during evaluation. Though, this issue is an
integral aspect using current smartphones, according to our experience (data not shown), the
mentioned effects are negligible small compared to the differences of subsequent frames that
are induced by (cellular) contractions.

Processing your videos in MYOCYTER - Pretest

IMPORTANT:
Please do not use the computer otherwise while MYOCYTER is running. ImagelJ puts the current
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window always in the foreground and simultaneous user input into other programs is therefore
hardly possible. Macros that run with Imagel) can be accidentally canceled while using other
programs at the same time. Please wait until MYOCYTER has finished the evaluation and all
open windows have been closed automatically.

After starting the MYOCYTER, you will be asked to select:

Pretest (for size and threshold).
Create a Batch List

Evaluation

Exclude Data

Re-Evaluation

o unhwihR

Data Extraction

Let’s start with “1. Pretest” (select it and click “Okay”) as shown in Fig. 6. The pretest is only
necessary if the video contains several cells or structures, which should be examined
independently. If this is not the case, if the video contains only a single “region of interest”, the
pretest can be skipped. Though, the pretest may significantly enhance the precision of
recognition.

,
[} Please choose... @

Select |1.Pretest(forsize andthreshold)j

gst (for size and threshold)
2. Create a Batch List
3. Evaluation

4. Exclude Data
5. Re-Evaluation

6. Data Extraction

Fig. 6: After starting MYOCYTER, the user is asked to choose among 5 options.

First, we start with “1. Pretest”.

Now, you will be asked to select between “LowMovement” and “HighMovement”. For the
beginning, stick with “LowMovement” (Fig. 7) for cells moving at an “average” (Fig. 8).
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These settings optimize the pretest for the “average” movement expected of cardiomyocytes in
light microscope.

Then select the folder (just select, DO NOT open it) your videos are stored in and click “OK”. The
pretest begins and is executed for every single video. If the videos are very long, or very large
(Imagel is quite dependent on the RAM of the computer used), or if there are many videos for
pretesting, it is possible to limit the pretest to any number of frames from the beginning of the
video. However, this number should not be too low for good recognition (Fig. 7) and 230% of
the whole frame number may be a good start.

¢ Pretest for your video @ i Pretest for your video @

SEED S |I-'m'""r"ll‘]‘"E"T'E”t ﬂ Selecttest: |anru1uvement ﬂ
¥ Testonly first [ Test onighMavement
frames: |300 frames: [300

OK Cancel Ok Cancel

Fig. 7: Selection of “Low Movement”. Fig. 8: In the case of many or very
large files, it may save time testing
only a few hundred frames from the
beginning of the video.

After completion of the pretest, the corresponding results (images) are stored for every single
tested video file in a newly created subfolder. Such a (typical) pretest image is shown in Fig. 9.
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Fig. 9: MYOCYTERs summary of the “Pretest” (left part of the figure).

Different combinations of particle size (“Size”) and threshold (“Thr”) are applied to the sample. “Cells” (in this case
only a single one) just returns the number of cells that are recognized using the according settings. The settings
best matching/covering the moving cell (represented by the yellow-outlined light blue area) are applied for final
evaluation. The yellow arrow points to the structure that is recognized using a threshold of 88 and a particle size of
1225 (the minimal area of recognized particles in pixels). This narrows the “region of interest” to the part of the
cell(s) with the highest movement, while cutting out the “static” background. The purple arrow points to a
threshold of 55 and a particle size of 6125. Using those settings, the whole cell is recognized and evaluated. Parts
that are not marked in light blue are not included in the evaluation. The red arrow points to a combination of
parameters using a threshold of 0. In this case, the whole frame is evaluated, all parts of the image, moving or not,
are quantified.

If you only have a single video to analyze, you can directly enter the settings for both “Lower
Threshold” and “Size”: Please choose the two values for “Lower Threshold” and “Size” from Fig.
9 that best fit your sample. Then start MYOCYTER again and select the option “3. Evaluation”
(Fig. 10). In this case (only a single video to analyze), uncheck the option “Batching” (Fig. 11).
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-
{1l Please insert values for lower t... u

Lower Threshold: |55
[—

Size: [6125

I~ Video output
[%] of max recogized as beat |20

Detection IS
I~ Smoother

I Force reference-frame

-
[ili Please choose... ﬂ

Select |1. Pretest (for size and threshold) ~|

1. Pretest (for size and threshold)
2. Create a Batch List

[v Replace zero from RefFrame
[~ Batching

4. Exclude Data
5. Re-Evaluation
6. Data Extraction

OK I Cancell

Fig. 10: Select “3. Evaluation” to evaluate your data. Fig. 11: Settings for the evaluation
of a video file.

If you have several videos to analyze and pretest images with different settings that have to be
applied individually and you should create a batch list.

Creating a “Batch List”

A “Batch List” is just a text file that contains the filename of every single video to be processed,
as well as the individual settings for “Size” and “Lower Threshold” you want to apply according
to the pretest images. Generation of this list is largely automatized - select “2. Create a Batch

’
[ili Please choose... g

Select: |1.Pretest(forsize and threshold) j

1. Pretest (for size and threshold)
2. Create a Batch List

6. Data Extraction

List” as depicted in Fig. 12, select (as always, only

select, DO NOT open it) the folder containing the pretest images.
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7 B’
[ili Please choose... @

Select: I1. Pretest (for size and threshold) Z|

1. Pretest (for size and threshold)
3. Evaluation

4. Exclude Data
5. Re-Evaluation
6. Data Extraction

After doing so, you should see something like the image depicted in Fig. 13 .

Fig. 12: Select the option “2.Create a Batch List”

7 7 M
[ Please insert <SIZE> M [ili Please insert the value for <SIZE> @

A
Please insert <SIZE> as shown in the image: E

Select applied pretest setting: |LowMovement 'I

Fig. 13: For creation of a ,,Batch List“, please insert the number for ”Size“ (in this case 1225 as shown on the left)
in the according text box on the right.

In order to adjust “Size”, you are asked (only once!) to insert the size from the image that is
automatically presented to you. All videos in the folder should have the same dimensions,

“ug

otherwise wrong “Sizes” will be applied during evaluation.

The second setting is “LowMovement” or “HighMovement” (see Fig. 13), depending on the
setting you applied during the pretest - this setting is also included in the filename of the folder
containing the pretest images.

Then, all pretest images are automatically opened and the user decides by mouse click on one
of the 12x12 panels of every pretest image which individual settings are to be applied during
evaluation of every single video.
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Processing your videos in MYOCYTER - Evaluation

In this case, according to the results of the pretest that are depicted in Fig. 9, we select the
values 55 for “Lower Threshold” and 6125 for minimum cell “Size” to be recognized (as shown
in Fig. 11).

In the following, we take a look at the available settings for evaluation of a video file.

The option “Video output” remains deselected in most cases; when it is selected, among other
things, a video is produced which represents the amplitude of the selected cell synchronized
with the corresponding cell itself. This feature is primarily intended to control the evaluation as
well as to present selected data. For the evaluation of many cells, this option is not
recommended, especially since it massively increases evaluation time and produces lots of
data. Nevertheless, the feature “Video output” can be very useful and descriptive.

“[%] of max recognized as beat” is set at 20% (default). This is the user threshold and in this
case means that an amplitude exceeding 20% of the following maximum (to be precise:
exceeding the current detected minimum + 20% of the following maximum) is recognized as a
peak. In addition to the user threshold, three additional thresholds are automatically applied
to the data anyway: 10%, 50%, and 90%.

“Detection” (Fig. 11) indicates the sensitivity used for detection of maxima and minima. For
most data, where the difference between baseline (the cell is not contracted) and maximum
(the cell is maximally contracted) is high, values between 5 and 10 are perfectly adequate. In
this case, the maxima (the local maxima of the amplitude) of the individual contractions are very
similar. In special cases, such as arrhythmia, in which the differences between the individual
maxima can be very strong, it is better to choose a higher value. This can be in the range of 20-
30 and thus even smaller differences in the amplitude are to be recognized as local maxima
and minima. If the value for “Detection” is set too high, eventually even noise is recognized as a
sequence of separate contractions. After some evaluations, this is an empirical value that can be
well estimated by the user. If the value is still wrong, you can re-analyze the extracted data in
real time in a further step (4. “Re-Evaluation”) without having to process the whole video
again (more on that later in the chapter “Further processing of the numerical output”).

“Smoother” (Fig. 11) is a function that enables automatic detection and elimination of
individual maxima which deviate extremely from all other detected maxima and result, for

Manual MYOCYTER (v. 1.2), October 2019 “ Page 18 of 52



example, from a vibration of the microscope during the measurement. In most cases this option
is not necessary.

“Force reference frame” (Fig. 11) allows the user to select a particular frame of the video as the
reference image. If this option is not selected (default setting), MYOCYTER automatically
determines the reference image of the video: the image which has the smallest difference to
the following image is selected as the reference image. Experience shows that this picture is
(mostly) in the resting phase between two contractions. The amplitude thus appears as a
positive peak, while the resting state of the cell represents the baseline. Usually, MYOCYTER
automatically recognizes the appropriate reference image in the resting state of the cell.
However, if this is not the case, for example in case of severe arrhythmia or cardiac contractions
without any visible resting phase, then it is also possible to force a reference image. The impact
of the reference frame on the amplitude generated from the data is depicted in Fig. 14.

If more than one cell is recognized, the reference frame is determined for both cells
independently. Though, if the reference frame is forced, you will be asked during the
evaluation to define an appropriate reference frame for every single recognized structure.
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Fig. 14: Selection of the reference image

The selection of the reference image determines the shape of the final amplitude. If the state of maximum
dilatation of the cell/object is selected (blue, upper partial image) the contraction of the heart of a water flea
(Daphnia pulex) shows the according amplitude form. During a cyclic movement, the heart will always return to the
state of maximum dilatation and the corresponding images of the film have only a small deviation from the
reference image: the amplitude indicates a minimum whenever the cell most closely resembles the state of
maximum dilatation. If the user selects the state of maximum contraction (lowest partial image, orange) then the
minimum of the amplitude always appears where the cell most closely resembles the state of maximum
contraction. Depending on which of the two states are chosen as a reference image, maxima and minima on the
top and bottom panels are reversed.

If one chooses as a reference image a state between maximum contraction and maximum dilatation, the result is
an amplitude curve as shown on the middle panel, and the amplitude accordingly contains a “double peak”. The
minima of the amplitude in this case represent the state of the cell between maximum and minimum contraction.
When the reference image is automatically selected, MYOCYTER usually selects a picture from the resting phase of
the cell/object (at the state of maximum dilatation).
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“Replace zero from RefFrame” (Fig. 11) replaces the zero value of the amplitude at the position
of the reference frame (the difference between the reference image and itself is of course zero)
by the next lower global value of the amplitude of the evaluated object. The effect of this
checkbox is depicted in Fig. 15. The lowest global difference between two subsequent frames is
likely to be in the order of the noise of the video file. Thus, it seems to be legitimate to replace a
zero with a value in the order of noise.

Amplitude [a.u]
=

d\ ‘J& | \Mm VUV Lw \kh

Amplitude [a.u]

y\kukh

0 5 10 15
Time [sec]

Fig. 15: Effects of replacing the zero of the reference frame.

The amplitude represents the difference between each frame of the entire video and the reference frame. Of
course, since the difference between the reference frame and itself is zero, the corresponding amplitude at this
point also indicates a zero value (lower part of this figure, red circle). If one replaces this “RefFrame-zero” by the
smallest global value of the amplitude, the plot changes according to the upper partial image (blue circle).

Now, the evaluation of the video is started by clicking on “OK” (Fig. 11) and may take several
minutes.
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The numeric output of MYOCYTER

MYOCYTER creates a subfolder in the video folder that contains the results and in its name both
date and time of the corresponding evaluation. Again, this folder contains several subfolders.
First, there is an overview image, which shows the recognized cells numbered. Such a sample
image is shown in Fig. 16.

Fig. 16: Overview of the detected cells or moving structures.

MYOCYTER produces an overview image for each analyzed video showing all detected cells or moving structures
(outlined in yellow and numbered). The numbering is important in order to assign the results later, the naming is
done in the format “filename-cell number”. The angular shape of the yellow border is a compression artifact. The
problem of compression is discussed in section “Preparing your video files for MYOCYTER”.

The first subfolder is called “isolated” and contains the individual cells recognized in the original
video, each as a sectioned video limited to the according regions. The second subfolder is called
“diffMov” - and contains the difference videos of the detected single objects. These difference
videos represent the differences between successive images. Pixels that differ greatly are
displayed brighter, while pixels that differ slightly are darker. Again, there is a subfolder called
“dataplots”, containing among other things the numerical output of MYOCYTER.
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The text file “Results” with date and time of the evaluation in its name contains the entire
numerical output as a tab-delimited table. This table should be compatible with most popular
statistics programs (such as Excel, SPSS, Prism, SigmaPlot). At the beginning of each data table
the file name of the corresponding video and the region/cell which is displayed (see overview
picture in the main directory). Following is a table listing 43 different parameters for each video
frame.

Here, the measured parameters are listed:

e Frame — Absolute frame number (integer) of the analyzed video.

e Time [sec] — Absolute time in seconds computed according to the frame rate of the
analyzed video (ImagelJ extracts this parameter from the file).

o Amplitude [a.u.] - Amount of difference between the current frame and the defined or
computed reference frame (Fig. 17).

o Amplitude baselined [a.u.] — Amplitude after subtraction of the lowest global amplitude
value.

o Amplitude baselined normalized [a.u.] — Amplitude after subtraction of the lowest
global amplitude value and normalization.

e First derivation of amplitude [a.u.] — Difference between the reference frame and the
current frame.

e Absolute of the first derivation of amplitude [a.u.] — Just the absolute values of this
parameter.

e Speed [a.u.] — Difference between frame (n) and (n+1) at every single time point (this
output is always >0).

e Speed baselined [a.u.] — Speed after subtraction of the lowest global speed value.

e Maximum/Minimum [a.u.] — Returns only a number at the exact location of the
maximum/minimum, while being zero at every other point. The number returned is the
global maximum of the amplitude rounded to the next integer, thus fitting the
dimension of the plotted data.

e Maxamplitudes [a.u.] — The local amplitude is calculated as the difference between the
current minimum and the next maximum. Thus, a “maxamplitude” is returned for every
single maximum. This column can be used for statistics (calculation of the average
amplitude).
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e Since last beat [sec] — Running time after the last contraction/maximum for every single
frame. Counting starts at the very first frame and the value is reset to zero at every
single maximum identified.

e Since last beat absolute time [sec] — The overall time between the very first frame and
the very first maximum, and later between two subsequent maxima printed at the
current maximum; can be used for column statistics (Fig. 17).

e Sum of beats — Number of completed beats until the current moment at every identified
maxima. Between the maxima, no value is returned.

e Threshold (user defined, 10%, 50%, and 90%) [a.u.] — returns the current absolute value
of the threshold defined by the user and of the three constant ones, at 10%, 50% and
90%. This value is dynamic and recalculated for every single contraction depending on
the difference between the current minimum and the next maximum (see
“Maxamplitudes”), allowing robust compensation if the amplitude is shifted between
the first and the last contraction(s) of the video, maybe due to a changing illumination or
movement of the cell in x-y-direction. As well as the user defined threshold, the constant
ones are also dynamically recalculated for every single maximum (see Fig. 17 and Fig. 18
for details). If the amplitude exceed the according threshold (=local minimum +
(according threshold in percent/100) x local amplitude), time measurement of both
contraction time and systole begins. If the amplitude falls below the according threshold,
counting of both diastole and contraction time ends. The results are presented in
separate columns. While a constant threshold would only correctly intersect the local
contraction that defined it, a dynamic threshold precisely adjusts the course of the
amplitude, even if it becomes significantly shifted over time (Fig. 19). The thresholds
refer to the amplitude, but not to the baselined amplitude.

e Peak time (user defined, 10%, 50%, and 90%) (absolute) [sec] — Returns the running
peak time for every single frame the amplitude exceeds the according threshold. The
absolute peak time shows only the overall time of the whole contraction according to
the individual threshold and can be used for column statistics (Fig. 17).

e Systolic interval (user defined, 10%, 50%, and 90%) (absolute) [sec] — Returns the
individual running times that start when the amplitude exceeds the according threshold
and ends when the amplitude reaches the next maximum. The absolute systolic interval
returns only the systolic overall time for every single threshold at the current maximum,
while no value is given between the maxima (Fig. 17).

e Diastolic interval (user defined, 10%, 50%, and 90%) (absolute) [sec] — Here, a running
time is returned that starts at the maximum of the current contraction and ends when

Manual MYOCYTER (v. 1.2), October 2019 “ Page 24 of 52



the amplitude falls below the according threshold. Diastolic interval absolute returns
only the overall time for every single threshold at the end of the systole. The sum of
systolic and diastolic overall time for every single threshold equals the according
absolute peak time (Fig. 17).

Technical aspects of recognizing maxima, minima and peak times.

First, the data extracted from the video are arranged in an array, a list of data representing
every single frame of the according video. Imagel) offers functions (“Array.findMaxima(array,
tolerance)” and “Array.findMinima(array, tolerance)”) that enable detection of maxima and
minima within an array. In this case, the initial setting “detection” is used for “tolerance” in both
commands. After identification of all maxima and minima both values are paired: Every
minimum is “paired” with the following maximum. Defining systolic and diastolic times starts at
the local maximum. In the case of the 50%-Threshold: If the amplitude falls below “local
minimum + 0.5 x “Local Amplitude” on the left side of the amplitude, the local systolic transition
point is defined. If it falls below “local minimum + 0.5 x “Local Amplitude” on the right side of
the amplitude, the local diastolic transition point is defined. Systolic time is counted between
the local systolic transition point and the local maximum, diastolic time between the local
maximum and the local diastolic transition point. The sum of both equals the overall peak time
of a contraction. This is done for all four thresholds separately. This strategy also prevents
counting of “pseudocontractions” if the amplitude is above a threshold for more than four
frames — this was a problem of version 1.0 of MYOCYTER that occurred especially in noisy
videos.
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Fig. 17: The data extracted from a video file
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This figure represents in its upper panel some of the data that are extracted by MYOOCYTER during evaluation of a
video file: the times between two subsequent maxima (here: “Beat time 1, 2 and 3”), all detected local maxima (red
vertical spikes) and minima (green vertical spikes), the amplitude itself (black line), as well as specific information
for four different thresholds (at 10, 20, 50 and 90% of the according local maximum).

The lower panel shows additional details of the parameters extracted: for every single contraction, the local
minimum (green vertical dashed line) maximum (red vertical dashed line) is calculated, and also the four thresholds
are readjusted to match the local amplitude (the difference between the local maximum and minimum, depicted
on the left). A threshold of X% represents the “local minimum + X% of the local amplitude” and for every applied
threshold the according systolic, diastolic and overall contraction times are calculated.

At the end of this table, also basic statistics and further information about the settings of the
macro are added. Minimum, maximum, mean and standard deviation (StdDev) are given for
beat times [sec], (Max)amplitudes [a.u.], peak times [sec], systoles [sec], and diastoles [sec] for
all  thresholds. Furthermore, several ratios like systole/diastole, amplitude/systole,
amplitude/diastole, and amplitude/peaktime are calculated.

This statistics come in two different versions: the first one includes all detected contractions,
the second one excludes both the first and the last “event”, since it is highly probable, that the
video does not start and end exactly in the resting phase between two contractions. Removing
the first and the last “event” may improve statistics, especially for short videos containing only a
few contractions.

Besides of the text file containing the results, there is also a text file named as “Amplitudes
only” followed by date and time of the evaluation. This file is important for further processing of
the data by the third available option (“5. Re-Evaluation”) of MYOCYTER (for details, please see
section “Re-evaluation of the numerical output”).
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Fig. 18: The four dynamic thresholds

MYOCYTER automatically sets three different thresholds: 10% (cyan line), 50% (pink line), and 90% (blue line), while
a fourth can be user-defined (in this case, 25% (orange line)). The black curve represents the amplitude, the vertical
lines indicate detected maxima (red) and minima (green). The respective thresholds are calculated individually for
each individual peak according to its maximum and the previous minimum: the difference between these two
values is used to indicate exactly when the amplitude exceeds 10/25/50/90% of this altitude. For example, the
threshold of 10% is calculated using the formula Thr(10%) = local minimum + 0.1*(local Maximum - local minimum),
the other thresholds are calculated accordingly.
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Fig. 19: Dynamic and static thresholding compared

In extreme, absolutely non-uniform cellular contractions, such as an arrhythmia, the heights of the amplitudes can
be very different from each other. By means of dynamic thresholding, however, it is possible to adjust the
thresholds locally to each individual maximum, while constant thresholds that are defined at the beginning of the
measurement, would very quickly completely leave the amplitude. This figure shows the progression of initially
defined constant versus dynamically adjusting thresholds. Thr10% (orange), Thr30% (cyan), Thr60% (pink) and
Thr90% (blue) are displayed both dynamically (solid lines) and constantly (dashed lines in the according color). After
a short time, the constant Thr10% and Thr30% completely leave the amplitude (black curve), while all dynamic
thresholds locally adapt from contraction to contraction and thus, can even precisely track “special cases” as in this
example. The vertical lines represent recognized maxima (red) and minima (green). The numeric values of the local
thresholds are determined by MYOCYTER based on the difference between a minimum and the following
maximum.

The graphical output of MYOCYTER

In addition to the numerical, there is also a graphical output, which allows quick overview of
both data and evaluation. Again, there is a subfolder called “dataplots”. This subfolder also
contains the numerical results as well as several graphical representations. The data of the
amplitude are plotted together with all found maxima and minima (Fig. 20).
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Besides of this, also every single identified object/cell is also stored in a separate video file.
These files may be useful, if in some cases forcing of a reference frame should be necessary or if
there is need to have only a single cell per video.

Amplitude (black); Maxima (red); Minima (green); Cardiomyocyte-diff-cell 01 (120fps)
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Fig. 20: Plot of the amplitude including all detected maxima and minima

The values of the amplitude (black curve) are plotted against time and presented with all detected maxima (red
vertical lines) and minima (green vertical lines). The name of the evaluated video is found in the header of the
graph (in this case “Cardiomyocyte”), as well as the corresponding identified cell (in this case “cell 01”). The
indication “(120fps)” behind it stands for the automatically detected frame rate of the video. This representation is
saved in two different resolutions (a small one for presentation in PowerPoint and a large one for a more detailed
viewing).

Plots of the amplitudes of each detected structure (in two different resolutions) can be found
there, as well as the animated amplitude-renderings, if the option “Video output” has been
activated.

“Video output” creates an animation of the amplitude that is synchronized with the according
cell. This feature is especially suitable for quick visual control of sample analysis as well as for
data presentation (the MJPEG-video format of Imagel is compatible with PowerPoint). How
such a video looks is shown in Fig. 21. If the video of the identified cell is rather wide than high,
it will be rotated 90 degrees to reduce the video size of the output (see Fig. 21, upper left
corner). The frame rate of this video is 25 frames per second.
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Fig. 21: The animated amplitude synchronized with the according cell

When the option “Video output” is activated, MYOCYTER outputs a high-resolution video that animates the
amplitude (plotted against time) of the detected cell or structure together with it (small picture on the top left).
The direction of movement of the animation runs from left to right. In this way, the contractions of the cell can be
compared with the amplitude synchronized.

Exclusion of unwanted data

If for any reason the resulting data (“Results” file) are to be excluded from further processing,
MYOCYTER offers a very handy option: “4. Exclude Data”.

Considering the fact that the “Results” file can summarize up several tens of thousands or even
hundred thousand of lines, manual remove of single recognized cells may become a very painful
process. If “4. Exclude Data” is selected, the user is asked to choose the “dataplots” folder
containing the “Results” file. Do not open the “dataplots” folder, just conform it by clicking
“Okay”. Then, every single small amplitude plot is opened one after the other as preview image
and the user can decide if the data are to be in- or excluded — a decision that is greatly
simplified by viewing the plot (Fig. 22).
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While the original data remain untouched, the included data are stored as new text file
(“Results (selected)”) in the “dataplots” folder.
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Fig. 22: The feature “4. Exclude Data”.

If some recognized cells have to be excluded from further evaluation, “4. Exclude Data” enables easy selection and
remove of it. While all of the amplitude plots are opened successively, the user selects the data to be excluded
(upper panel, the option “Exclude” is selected, removing the data from further processing) or included (lower
panel, just by clicking “OK”).

After finishing data selection of a “Results” file, you will be immediately ask to select the next
one, until you terminate the macro.
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Re-evaluation of the numerical output

The further data processing of the results is accomplished with the file “Amplitudes only” from
the subfolder “diffMov/dataplots” of the evaluation folder. This requires the fourth option
available in MYOCYTER (“5. Re-Evaluation”).

The data of the amplitudes are provided as arrays in the form “amplitudes=newArray(y, ya, ...,
vn);” that is readable for ImagelJ in macros. Those data can be directly opened by MYOCYTER for
(re)processing of the amplitudes, enabling application of even 4 user-defined thresholds [%], an
arbitrary value for “Detection” [a.u.] and also a different frame rate [1/sec], both calculating and
plotting the new results in real time.

This allows fine-tuning of the applied settings in real time, without having to re-evaluate the
video(s) of the cells.

How to import the data

Start MYOCYTER and select the third available option “5. Re-Evaluation” (see

f {1l Please choose... ﬂ
select [EITEEET T ~
OK | Cancel |

Fig. 23)

{1l Please choose... ﬂ

S5 ReEvavaion |
OK | Cancell

Fig. 23: “5. Re-Evaluation”
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Now, you are asked to select the according “Amplitudes only.txt” file of the evaluation you want
to apply changed settings to (see Fig. 24). This file should be found in the subfolder
“VidsMovement” > "diffMov” > “dataplots” of any evaluation done with MYOCYTER.

-
| %] Please choose the <Amplitudes only.txt> file to be opened:

Suchen in: , dataplots L] - ﬂ‘ E~

L Name ’

gy

e ey __ Amplitudes only 2019-Apr-05-23h48.txt
Results 2019-Apr-05-23h48.txt o N .
- o esls SRR Typ: Textdokument Fig. 24: Select the “Amplitudes only”-file
GroBe: 13,1 KB
Desktop Anderungsdatum: 05.04.2019 23:51
Bkt After import of your data, you will be

asked to apply several settings for “Detection”, 4 different thresholds (in percent), and also for
the frame rate. (see Fig. 25). Higher values for “Detection” will result in the recognition of
smaller peaks as whole contractions, as explained in detail in the following section.

-
¢ Please apply your parameters M

Detection [ET

Threshold 1[%] [10
Threshold 2 [%] |20

Threshold 3 (%] [50
Threshold 4 (%] [90
Framerate [fps] [120

OK _C:ancel

Fig. 25: Apply changed settings for re-evaluation of your data.

Detection:

As already mentioned, if this value is increased, even smaller changes in the amplitude are
recognized as an independent peak. Fig. 26 shows the effect of “Detection” on the identification
of local maxima and minima.
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Fig. 26, Panel C
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Fig. 26, Panel H

Fig. 26: The effects of the “Detection” value

The single parts of this figure (panel A-H) show the effect of increasing the “Detection” value on the recognition of
maxima (red vertical lines) and minima (green vertical lines). The corresponding value used for detection can be
found in the upper right corner of the respective panel that is original output of the “MYOCYTER further data
processing” macro. Increasing this value increases also sensitivity in the detection of maxima and minima. If the
value for detection set in the initial evaluation, which in our experience is between 5 and 10 in cell culture (in vitro
cardiomyocytes), is set too high or too low, this can easily be corrected in further data analysis. If Detection is set
too high (Panel F-H), ever smaller deviations of the amplitude (black curve) are recognized as independent maxima.
The thresholds (10% as orange line, 30% cyan, 60% pink, 90% blue) automatically adjust to the detected maxima
and minima, the changed times for systole, diastole, total peak time and distance between two contractions are
calculated automatically. The values used for “Detection” are 1 (panel A), 1.5 (panel B), 2 (panel C), 4 (panel D), 5
(panel E), 10 (panel F), 20 (panel G), and 40 (panel H).

Threshold 1-4:

These values can be set arbitrarily by the user. As in the evaluation of a video, a threshold of x%
defines x% of the difference between the local minimum and the local maximum of every single
recognized contraction. The thresholds equal the setting “[%] of max recognized as beat” that
can be applied in video evaluation (see section “Processing your videos in MYOCYTER -
Evaluation” for details).
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Frame rate:

This is the frame rate of the video in frames per second. It is necessary to define this value
correctly so that the information on the timeline is correct. The frame rate of the corresponding
video can be found (among others) in the “Results” file.

After defining the settings, the user will be asked to select the cell to be re-revaluated via a pull
down menu (see Fig. 27). The typical nomenclature here is: “name of the video” + “recognized

Ill

cell”. The according identified cells can be found as image file(s) in the main folder of the

evaluation (see Fig. 16). Select the according cell and click >OK< to start the re-evaluation.

4 2
¢ Select your data M

Please select: |two. cardiomyocytes-diff-cell 01 (120fps)j

two cardiomyocytes-diff-cell 01 (120fps)
m cardiomyocytes-diff-cell 92 (120!125)

\ / Fig. 27: Select a cell for re-revaluation.

The data output consists of a table containing all extracted parameters (see section “The
numeric output of MYOCYTER”) and an according graphical output (see Fig. 28).
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How to adjust the settings

Amplitude (black

5.
3

a (red) Minima reﬂz Thr(10%, orange) 11!(30"/'0 an, Thr(60%, pink} IThr(90% b!ue)
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N
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Fig. 28: Real time output of further data processing

The upper part of this figure shows the representation of the data in real time. The amplitude (black curve), each
detected maximum (red vertical spikes), the detected minima (green vertical spikes) and the four freely definable
thresholds are shown: in this case at 10% (orange), 30% (cyan), 60% (pink) and 90% (blue). These four thresholds
can be changed arbitrarily. The lower part of the figure shows an enlarged section of the upper part for better
visualization.
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{ Y
¢ Save the generated data and restart? &

>Cancel< aborts the whole macro
>0QK= starts over without saving
Checking >Yes< and >OK< saves data and starts over

OK Cancel

Fig. 29: Restart the re-evaluation

If you check the option “Yes (save it)”, both data table and graphical output are saved in the folder that already
contains the re-evaluated “Amplitudes only.txt” after clicking >OK<. Just clicking >OK< without checking the option
“Yes (save it)” restarts the evaluation process. Selection of >Cancel< aborts the whole macro.

If you restart the re-evaluation (Fig. 29) all generated data are deleted and you return to the
mask for the new settings (Fig. 25). All parameters you applied in the last cycle of the re-
evaluation are still there, in order to minimize re-entry.

Data extraction for further processing in statistical
software

Also a very handy feature of MYOCYTER enables complete extraction of all data from a
“Results” file.

A “Results” file contains two different types of output: the “continuous” and the “discrete”
ones. Continuous data are extracted from every single frame, like amplitude, speed, and time.
Discrete data represent information like the maximum amplitude, the time between two
subsequent contractions, as well as systole, diastole and overall peak time for every single one
of the four thresholds.

Here, only discrete data (14 different parameters overall) are extracted for further statistics in
other software. Extraction removes all information like filename, recognized cells or the
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statistical information at the end of every evaluation. Only the headlines and the data from all

recognized cells in the whole file remain.

Thus, it is easy to see, that extraction is only useful, if all cells in the according “Results” file

belong to the same group (maybe the control) and are to be compared to another group

(treated cells). The results come as “Extracted results (eng)” (points as decimal decimal

separator) and “Extracted results (ger)” (commas as decimal decimal separator). As always, the

original data remain untouched, the extracted ones are stored in the fame folder.

The extracted data are especially intended to be transferred via copy/paste in another

software.

To do this, the user

==

Select -
OK | Cancell

P
[ili Please choose...

—

selects “6.

Data Extraction” from the menu (

Fig. 30) and a results file. Here, not only the folder

containing the “Results” file is selected, but the “Results” file itself (either “Results” or “Results

,
| & Please choose a <Results>file to be opened for extraction:

Suchenin: | | dataplots [

|.-_.L Mame

el

Results 2019-0ct-07-17h07 et
Zueta besucht | RESIIS
| Results (selected) 2019-0ct-20-16h
. Ty T .
(selected)”) as shown in L | Results (selected) 2019-Oct-07-18h] JF. ¢ Fig, 31,

]

p
|1} Please choose...

setect (TS TN ~
OK | Cancell
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4

| £ Please choose a <Results>-file to be opened for extraction:

Suchen in: dataplots =
Ve Mame
P
Fuletzt besucht L) Results 2019-0ct-07-17h07 ot

| Results (selected) 2019-Oct-20-16h
Typ: Te - . .
|  Results (selected) 2019-0ct-07-18h} P '° Fig, 31: Selection of a “Results” or “Results (selected)” file.

After extraction of data from a “Results” file, the user is immediately asked to select the next
one, until the macro is terminated.

Interpreting the data

The most obvious parameters of the evaluation are amplitude, speed of movement (“Speed”),
distance between two amplitudes (maxima), as well as systolic, diastolic and overall peak time
of the four different thresholds.

Amplitude is given in arbitrary units and should be interpret carefully. Comparing different
amplitudes makes (more) sense, especially if one observes the same cell before, during and
after a certain “treatment”. In this case one can compare the amplitude after the treatment
directly with a reference quantity, namely the amplitude before the treatment. Otherwise, the
amplitude may be used with caution, because it can be very different from cell to cell even
within the same sample (cultured under same conditions in the same dish).

Nevertheless, if the number of samples per group is sufficiently high and the objects look very
uniform and of similar “transparency”, the amplitudes can still be statistically reliably compared
with one another. Note, however, effects such as “granularity”: cells that contain more visible
particles/structures than cells that are completely transparent will show more “change” from
frame to frame even with the same contraction strength. Thus, higher values for both speed and
amplitude will result. Treatments that increase or reduce “granularity” or “transparency” may
consequently influence the according results for both amplitude and speed. In such cases the
absolute parameters (distance between two amplitudes, systolic, diastolic and overall peak time
given that are returned in seconds) may be the parameters of choice for further statistics.
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This should be taken into account is different samples are compared.

Adapt the code

MYOCYTER is composed of individual sections with clearly defined subtasks. The corresponding
comments in the format “// ** Comment **” are helpful if you want to quickly find your way
around the code. If you want to change the code, change it step by step, check the results of the
changes, and save each modified working version separately. In this way you save time if
something does not work (correctly) by simply returning to the last known function.

If you change many things at the same time, troubleshooting is much more complicated.
Take notes of what effects new code sections have, where these sections start and where they
end.

It is also possible to change only small parts of the code to test them separately by using already
prepared data (amplitudes=newArray (1.863, 1.8816, [...], 1.6082, 1.6329);) without having
them to be extracted from a video with each test run. If the new code section works as desired,
it can be embedded in the existing whole code.

If you change the code in the windows editor, be sure to disable the line break. Corresponding
code editors that represent code in different colors and show with curly brackets, where these
are opened and closed (sometimes many pages of code later) are very helpful in this work.

Corresponding Imagel- or Java-forums contain a lot of useful hints for the solution of defined
small sub-problems in macro-programming.

You can customize the code to your own needs, but we ask that you cite MYOCYTER
appropriately in your work.
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A complete representative evaluation

A complete example of a representative evaluation using the video file “Two

cardiomyocytes.avi”. The pretest of this video results in the overview image shown in Fig. 27.
According to the pre-test, the values 88 (for “Threshold”) and 1590 (for “Size”) were applied for
analysis.

1 ¥ 3 P H hy Hl i bl 4 3 5 3 s 3 B o x Ll Ll " 3
o B o B o B o B o B o
b lti®h el S | S ot S B S el ki ki el

Fig. 32: Results of the pre-test (“LowMovement” applied) for the video “Two cardiomyocytes.avi”

MYOCYTER reliably detected two different cells (Fig. 28), which are evaluated independently.
The reference images are calculated independently for each cell.
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Fig. 33: The two recognized cells in the video file “Two cardiomyocytes.avi”
after the settings 88 (,, Threshold”) and 1590 (,,Size”) according to the pretest
shown in Fig. 25 were applied.

Both amplitudes of the identified cells are shown in Fig. 29: the upper panel represents “celll”,
the lower panel “cell2”. Besides of the values for threshold and size a “Detection” of 5 was
applied (typical for cardiomyocytes).

Amplitude (black); Maxima (red);‘ Minima (green); ‘ Two cardiomyoc’ / es-diff-cell 01 (1'2pr5)

Amplitude [a.u.]
(=]
T

0 1 2 3 4 5 6 7 8
Time [sec]

Amplitude (black); Maxima (red); Minima (green); Two cardiomyocytes-diff-cell 02 (120fps)
T 2 T  E— T T T T T

Amplitude [a.u.]
@
T

L1 1 | | Ll | | i |
0 1 2 3 4 5 6 7 8
Time [sec]

Fig. 34: The amplitudes plotted for the two recognized cells in the video file “Two cardiomyocytes.avi”

The amplitudes are plotted in black, minima are represented as green, maxima as red spikes.
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For “cell 1”, 11 contractions were correctly recognized for “cell 2” 9 contractions. The statistical
summary for both cells is summarized below:

Statistics fort he recognized ,,cell 1“:

Statistics INCLUDING the first and last event
Beats counted: 11

Min Max Mean StdDev
Beattimes [sec] 0,5417 0,9833 0,7136 0,1173
Amplitudes [a,u,]: 5,4895 7,7291 7,1476 0,6817
Peaktimes user [sec] 0,1333 0,1583 0,14 0,008607
Systoles user [sec] 0,03333 | 0,05833 | 0,04773 0,006552
Diastoles user [sec] 0,08333 0,1083 | 0,09318 0,00818
Peaktimes Thr10% [sec] 0,1083 0,2417 0,178 0,03462
Systoles Thr10% [sec] 0,04167 | 0,09167 | 0,06288 0,01412
Diastoles Thr10% [sec] 01| 0,1667 | 0,1205 0,0184
Peaktimes Thr50% [sec] 0,08333 | 0,1083 | 0,09167 0,007857
Systoles Thr50% [sec] 0,025 | 0,04167 | 0,03485 0,005025
Diastoles Thr50% [sec] 0,05 | 0,06667 | 0,05758 0,006927
Peaktimes Thr90% [sec] 0,008333 | 0,04167 | 0,03125 0,01335
Systoles Thr90% [sec] 0,008333 0,025 | 0,01591 0,004495
Diastoles Thr90% [sec] 0,01667 0,025 | 0,02197 0,004204
Ratios:
Systole/diastole [user] mean: 0,5122
Systole/diastole [Thr10%] mean: 0,522
Systole/diastole [Thr50%] mean: 0,6053
Systole/diastole [Thr90%] mean: 0,7241
Amplitude mean/systole [user] mean: 149,76
Amplitude mean/systole [Thr10%] mean: 113,6732
Amplitude mean/systole [Thr50%] mean: 205,1061
Amplitude mean/systole [Thr90%] mean: 449,28
Amplitude mean/diastole [user] mean: 76,7063
Amplitude mean/diastole [Thr10%] mean: 59,3389
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Amplitude mean/diastole [Thr50%] mean: 124,1432
Amplitude mean/diastole [Thr90%] mean: 325,3407
Amplitude mean/peaktime [user] mean: 51,0545
Amplitude mean/peaktime [Thr10%] mean: 40,1484
Amplitude mean/peaktime [Thr50%] mean: 77,9742
Amplitude mean/peaktime [Thr90%] mean: 228,7244
Statistics WITHOUT the first and last event
Beats counted: 9

Min Max Mean StdDev
Beattimes [sec] 0,5417 | 0,9833 | 0,7183 0,1226
Amplitudes [a,u,]: 5,4895 7,7291 7,0518 0,7231
Peaktimes user [sec] 0,1333 0,15 0,1375 0,006299
Systoles user [sec] 0,03333 | 0,05833 | 0,04722 0,007217
Diastoles user [sec] 0,08333 0,1 | 0,09074 0,006514
Peaktimes Thr10% [sec] 0,1583 | 0,2417 | 0,1861 0,02857
Systoles Thr10% [sec] 0,04167 | 0,09167 | 0,06204 0,01509
Diastoles Thr10% [sec] 0,1 0,1333 0,1167 0,01102
Peaktimes Thr50% [sec] 0,08333 | 0,09167 | 0,08854 0,004313
Systoles Thr50% [sec] 0,025 | 0,04167 | 0,03426 0,005008
Diastoles Thr50% [sec] 0,05 | 0,06667 | 0,05648 0,006944
Peaktimes Thro0% [sec] 0,008333 | 0,04167 | 0,0325 0,01208
Systoles Thr90% [sec] 0,008333 0,025 | 0,01667 0,004167
Diastoles Thr90% [sec] 0,01667 0,025 | 0,02222 0,004167
Ratios:
Systole/diastole [user] mean: 0,5068
Systole/diastole [Thr10%] mean: 0,5317
Systole/diastole [Thr50%] mean: 0,6066
Systole/diastole [Thr90%] mean: 0,75
Amplitude mean/systole [user] mean: 149,3321
Amplitude mean/systole [Thr10%] mean: 113,6707
Amplitude mean/systole [Thr50%)] mean: 205,8361
Amplitude mean/systole [Thr90%)] mean: 423,1075
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Amplitude mean/diastole [user] mean: 77,7136
Amplitude mean/diastole [Thr10%] mean: 60,4439
Amplitude mean/diastole [Thr50%] mean: 124,8514
Amplitude mean/diastole [Thr90%] mean: 317,3307
Amplitude mean/peaktime [user] mean: 51,2858
Amplitude mean/peaktime [Thr10%] mean: 37,8902
Amplitude mean/peaktime [Thr50%] mean: 79,6438
Amplitude mean/peaktime [Thr90%] mean: 216,9782
Reference Frame: 30
Framerate [1/s]: 120

Statistics fort he recognized ,,cell 2“:
Statistics INCLUDING the first and last event
Beats counted: 9

Min Max Mean StdDev

Beattimes [sec] 0,225 1,7333 0,8815 0,5693
Amplitudes [a,u,]: 5,2989 7,6775 6,5942 0,7699
Peaktimes user [sec] 0,1417 0,2 0,1677 0,01964
Systoles user [sec] 0,03333 | 0,09167 0,0537 0,01822
Diastoles user [sec] 0,1 0,125 0,113 0,00942
Peaktimes Thr10% [sec] 0,008333 0,375 0,1886 0,1265
Systoles Thr10% [sec] 0,04167 0,1083 | 0,06019 0,02074
Diastoles Thr10% [sec] 0,008333 0,3083 | 0,1486 0,09487
Peaktimes Thr50% [sec] 0,09167 0,1083 | 0,1021 0,007387
Systoles Thr50% [sec] 0,025 | 0,05833 | 0,04167 0,01179
Diastoles Thr50% [sec] 0,05 | 0,06667 | 0,05926 0,006514
Peaktimes Thr90% [sec] 0,04167 0,05 | 0,04792 0,003858
Systoles Thr90% [sec] 0,008333 | 0,03333 | 0,0213 0,007349
Diastoles Thr90% [sec] 0,01667 | 0,03333 0,025 0,005893

Ratios:
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Systole/diastole [user] mean: 0,4754

Systole/diastole [Thr10%] mean: 0,405

Systole/diastole [Thr50%] mean: 0,7031

Systole/diastole [Thro0%] mean: 0,8519

Amplitude mean/systole [user] mean: 122,7894

Amplitude mean/systole [Thr10%] mean: 109,5659

Amplitude mean/systole [Thr50%] mean: 158,2619

Amplitude mean/systole [Thr90%] mean: 309,6428

Amplitude mean/diastole [user] mean: 58,3753

Amplitude mean/diastole [Thr10%] mean: 44,3725

Amplitude mean/diastole [Thr50%] mean: 111,2779

Amplitude mean/diastole [Thr90%] mean: 263,7698

Amplitude mean/peaktime [user] mean: 39,3197

Amplitude mean/peaktime [Thr10%] mean: 34,9574

Amplitude mean/peaktime [Thr50%] mean: 64,5967

Amplitude mean/peaktime [Thr90%] mean: 137,619

Statistics WITHOUT the first and last event

Beats counted: 7

Min Max Mean StdDev

Beattimes [sec] 0,225 1,7333 0,9104 0,6015
Amplitudes [a,u,]: 5,2989 7,6775 6,6296 0,8786
Peaktimes user [sec] 0,1417 0,2 0,1653 0,022
Systoles user [sec] 0,03333 | 0,09167 | 0,05714 0,0189
Diastoles user [sec] 0,1 0,125 0,1107 0,009272
Peaktimes Thr10% [sec] 0,008333 0,375 0,2287 0,1003
Systoles Thr10% [sec] 0,04167 0,1083 | 0,0631 0,02249
Diastoles Thr10% [sec] 0,008333 0,3083 | 0,1575 0,09183
Peaktimes Thr50% [sec] 0,09167 0,1083 | 0,1014 0,008193
Systoles Thr50% [sec] 0,025 | 0,05833 | 0,04405 0,0115
Diastoles Thr50% [sec] 0,05 | 0,06667 | 0,05833 0,006804
Peaktimes Thr90% [sec] 0,04167 0,05 | 0,04722 0,004303
Systoles Thr90% [sec] 0,01667 | 0,03333 | 0,02262 0,006299
Diastoles Thr90% [sec] 0,01667 | 0,03333 0,025 0,006804
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Ratios:

Systole/diastole [user] mean: 0,5059
Systole/diastole [Thr10%] mean: 0,4006
Systole/diastole [Thr50%] mean: 0,7551
Systole/diastole [Thr90%] mean: 0,9048
Amplitude mean/systole [user] mean: 116,0183
Amplitude mean/systole [Thr10%] mean: 105,0732
Amplitude mean/systole [Thr50%] mean: 150,5103
Amplitude mean/systole [Thr90%] mean: 293,099
Amplitude mean/diastole [user] mean: 59,8804
Amplitude mean/diastole [Thr10%] mean: 42,0928
Amplitude mean/diastole [Thr50%] mean: 113,6506
Amplitude mean/diastole [Thr90%] mean: 265,1848
Amplitude mean/peaktime [user] mean: 40,112
Amplitude mean/peaktime [Thr10%] mean: 28,9878
Amplitude mean/peaktime [Thr50%] mean: 65,388
Amplitude mean/peaktime [Thr90%] mean: 140,3919
Reference Frame: 847
Framerate [1/s]: 120
%k kkk Settings kkkkk

Lower threshold: 88
Cellsize: 1590
[%] of Max recognized as beat: 20
Detection: 5
Imagel-version: 1.52a
NO smoothing applied

Evaluation date and time:

2018-Aug-21-14h55
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Fiir Willi Jung (10.05.1917 — 01.01.2011)
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