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Chemotaxis and MigrationTool 2.0

Visualization and Data Analysis of
Chemotaxis and Migration Processes

Chemotaxis and Migration Tool (ST
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[ Datasets |
D Chamber3_tracking_results. table sz |
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up: 48, Counts down 0 [ Chamberi_racking_resuls_table xs

Chamber1_tracking_results_table.txt

MNumber of tracks: 46, Counts

f
Chamber3_tracking._results_table:txt

| Number of tracks: 42, Counts up: 18, Counts daown 24
< |

Initisisation | Restrictions | Data rotation
fumber of slices: Use rly slices equal

1% I |

Velocity plot for Chamber 2_tiacking_r.. [ |[51)[] Calbratin

= L Apply settings I

L Show original data J I_ Shews current data J

Chemotaxis and Migration Tool 2.0 is a program for analyzing
chemotaxis and migration data.

Quick Guide on page 3

Step-by-Step Tutorial on pages 18-20.
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1 Requirements

. Computer (at least 1 GB RAM)
o Windows Platforms XP (or higher) or Linux

2 Installation

o Windows: Download ChemotaxisAndMigrationTool.zip to
your computer, unzip, and start Release\Chemotaxis.exe.
No further installation is required.

o Linux: Compile the source code to the target system.

3 Quick Guide

1) Import a data table into the program, e.g. from “Manual Tracking” (.xIs file)

2) Select the required number of slices (e.g. the number of pictures used for
tracking). The number of slices can be found in your original data table (“Show
original data”).

3) Calibrate the software by setting the x/y pixel size and the time interval. The x/y
calibration represents the edge length of a pixel in um. The time interval repre-
sents the time between each slice.

4) Press “Apply settings’ after changing the values and parameters.

5) Plot trajectories and export as image.

6) Export the values of FMI, center of mass, velocity, and Rayleigh test from the
“"Measured values” window.
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4 Main Panel

This software is divided into two panels: a main panel that provides all of the analysis
functions, and a side panel that is used for managing datasets.

Chemotaxis and Migration Tool

4

lues  Plok settings _ Stetistics  Close ol Remove data

Figure 1: Main panel (1) and side panel (2)

4.1 Import Data

Datasets from the ImageJ plug-in, “Manual
Tracking’, can be imported directly into this
software (Figure 2). You can find out more
information about Manual Tracking at:
http://rsb.info.nih.gov/ij/plugins/manual-
tracking.html

Intasation

Mumber of slices:

Calbration

RJY calibration

Apply settings
Show original data Show current data

N . =

488 200 4345

Figure 2: Results Table from “Manual
Tracking”

Instructions Chemotaxis and Migration Tool 2.0
© ibidi GmbH, Version 1.0, Yuki Asano, Elias Horn, March 09®, 2011

Page 4 of 21



Before data from any other tracking software
can be imported, it needs to be converted
into the following format (see Figure 3):

The first row and column are necessary,
and may contain arbitrary characters. All
other rows must have the following tab-
separated (\t) format:

\tConsecutiveNumberOrEmptyColumn\t
TrackNumbentSliceNumbentX-Value\tY-
Value

Show original data (side panel):
This option (Figure 3) shows an imported
data table, without any changes.

Show current data (side panel):

arbitrary text

1 1 1 318
2 1 2 318
3 1 3 320
4 1 4 321
5 2 1 53

6 2 2 50

7 2 3 49

8 2 4 49

9 3 1 108
10 3 2 108
11 3 3 108
12 3 4 106
13 4 1 125
14 4 2 125
15 4 3 125
16 4 4 125
17 5 1 289
18 5 2 292
19 5 3 293
20 5 4 293
21 6 1 332
22 6 2 332
23 6 3 332
24 6 4 334
25 7 1 666
26 7 2 670
27 7 3 670
28 7 4 672

293
296
296
296
505
502
505
506
504
505
506
506
644
644
644
642
614
613
616
616
517
517
513
513
498
498
498
498

This option (Figure 4) shows a data table after
the coordinate transformation.

Data tables (ASCIl - mandatory format) are
directly imported into the software tool, and
the cell trajectories are all extrapolated to
(x,y) = 0, at time 0 h (= slice 0).

Figure 3: Accepted format for the data
tables. The columns are tab-separated.

Slice

-
=3
w
(]
-~

X
0]
0]
2
3

o

NNNNOOOOVIVIUNINTE B R BEWWWWRNNNNRERER R
WNHROWNKHOWNHOWNROWNHROWNROWNRO

ORPPONOOORLPLWOOOOO I OOO

Y
0]
-3

11
[N AN

OO0 OO

Figure 4: Format of the original data

table, after making the coordinate

transformation (current data). Note that

the first column is empty.
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4.2 Plot Data

By pressing this button, a graph of the selected dataset is plotted, marking each track with its
endpoint.

Right click on (any) graph: Here you can scale, label, and save the plot, as well as the
animation sequence. With the ‘Set marking’ option, you can color the different paths, based
on their properties (e.g. velocity, or position of endpoints). An example trajectory plot is
shown in Figure 5.

Chamber?_tracking_results_table.txt

| Number of tracks: 46

[, Scale plot
[ Label plot
Set marking
& Save plat
A Animate plot

[&] Save animation sequence

Figure 5: Right click on the graph for more functions.

4.3 Sector Plots

By pressing this button, the following panel (Figure 6) will open. Here you can set the starting
position for the sector field, as well as for the interior angle (see page 14, Definitions). You can
also plot a circular field with changeable radii.

Plots

[ Plot sector field ] |9D | |6E' v|
Position [deq] Interiour angle [deg]

[ Plot: circular Field ] | 100 |
Radius [pm]

Note:
The sector and circular field can be controlled using the arrow keys,
If there are mare than one sector field opened parallel the maximum of each
can be found with with the keys 1 to (h plots)

Figure 6: Sector Plot panel
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4.4 Diagrams

By pressing this button, the following panel (Figure 7) will open. Here you can create five
different plots, with changeable interior angles and range intervals.

The histogram plot, rose diagram, circular plot, and
density plot all use the same data. They are just
plotted differently. The data is generated by counting
the cells in the different sectors. (See reference [1]
and Figures 8 and 9)

/
/

)

o = interior angle
B = angle position

Y

Figure 8: Definitions of the interior angle and
the anale nosition

A

Interior angle

Range interval
-

Y

Figure 9: Definition of the range interval

Diagrams

I Flat histogram ‘ Interiour angle [deg]
-]

l Plot "Rose diagram” ] Range interval[deg]

10 w
l Circular plok ]

Angle position[deqg]
l Density plok ]

Range interval[v]
l Velocity plok ]

[] show data table

Figure 7: Diagrams panel
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Histogram and Circular Plot

//;’//“\%;

Figure 10: Histogram: y-axis counts Figure 11: Circular plot: the angle position,
[counts]; x-axis angle [deg] with the maxima of counts, is marked in
red.

Rose Diagram and Density Plot

hd

Figure 12: Rose Diagram: the plot is Figure 13: Density plot
drawn according to the settings.

The density plot shows a distribution of Counts inside the sector: all counts over an
increasing interior angle of the angular sector field (Figure 13).
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Velocity Plot: The velocity plot of the objects (Figure 14) is shown with a range interval [v]. It
is recommended to use a velocity of approximately 0.1 x the average speed.

Range interval: 0 [deq], Interiour angle: O [deq]

Figure 14: Velocity plot

4.5 Measured Values

By pressing this button, a window containing all of the calculated values will open (Figure 15).
You can save these measured values as a .txt file.

Measured values for Chamber1_tracking_results_table. txt
slice length in dataset 145
Number of current used tracks
Split dataset | Mok selected, |
Threshold distance |NOt selected. |
Threshold velocity |NOt selected, |
Rotation [deg] |Not selected, |
Forward Migration Index |><: 0.0149777 ¥ 0,0350189 |
Directness [0.159541 |
Center of mass [um] |><: 36225 Vi 18,1125 Length: 18,4712 |
Rayleigh test |pVaIue: 0. 264859 {Using endpoints) |
Min Maix Mean Std Dev
Accumulated distance [um] 51?1.5?6 i 634,563 411.784 130,261
Euclidean distance [pm] .05 245,249 65,8353 47,853
welocity [pmymin] 0.11915 0.45234 0.285961 0.0904591

Figure 15: Measured values of one experiment, ready to be
axnortad
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4.6 Plot Settings

This button opens a new panel with a variety of plot options (Figure 16). Here, you can change
the background color of the graph, the trajectories and endpoints, the grid, the sector field,
the center of mass, the scale, and also add the display of additional information. After making
your selections, the Apply setting’ button must be clicked.

Plot Options fgl

Plot draw settings | Diagram draw setkings Fonts

General

Backgraund color (plat)

Trajectaries

Ling width Calor _ [] show only endpoinks

Endpoints

arid

Mode |N0ne vl Initerval
Sector figld

Cenker of mass

[] show center of mass ~ Size |ID v| Style |EIIi|:|se vl Calar _

Sicale

] Mirror scale Backaround color ;

Additional infa

Display additional infa Additional info text color _

[ Apply settings l [ Close

Figure 16: Plot draw settings panel
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4.7 Statistics

This panel (Figure 17) shows the different statistics settings.
Track series: Values for each track (or cell).
Slide series: Values for each slice (or time point).

Statistics E|

Track series Slice series Tests

‘elocity

Distance

FMI

Directness

Angle

Figure 17: Statistics panel for exporting single
tracks. or slice series

5 Side Panel

Initialization Restrictions Draka rakation

Datasets: Enables the selection of one, or Number of sices:  [Use only sices equal ¥
multiple, datasets for each project. Press CTRL
to select multiple datasets.

Calibration
Apply settings: Applies the current settings A catbreton g it v
that you have made. All changes need to be S

IMe INCery al 7 unit E¥

confirmed with this button.

5.1 Initialization
Parameters for the chosen dataset(s) need to
be set here (Figure 18).

Figure 18: Initialization
of imported datasets
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Number of slices:

Use only slices equal to: Only the tracks with the defined number of slices are being used.
Tracks with more, or fewer slices will not be used.

Use slices range from to: Only the tracks with the defined number of slices, within the
defined range, are being used (Figure 19).

X/Y Calibration: Converts pixels to a linear measurement, and is based on the microscope
and camera parameters. The pixel size equals the edge length of one pixel.

Time interval: The adjustment of the time between the slices (or the frames from a time

lapse video).
Use only slices equal to 4: Use slices range from 4 to 5:
slice 5 @ slice 5 -
Slice 4 - rE_J - Slice 4 - - -
s 5] M = B s = | O .
sz [ M m - = N W
m E Em 5 HE
Track 1 Track 2 Track 3 Track 4 Track 1 Track 2 Track 3 Track 4
- used tracks
Figure 19: Option slices
52 Restrictions Initialisakion Restrictions Daka rokation
Split dataset:
Splits up the dataset from slice ... to ... . Only
the slices in a specified range are evaluated. | [ Sl Dataset
For example, if you select slices 2 through 20, From slice .. ta ..
your new dataset will consist of 19 slices
(Figure 20).

. Set threshald dist
Set threshold distance: [ Set threshold distance [um]

Only tracks with paths that fulfill the threshold @ Accumulated distance O Euclidean distance

are taken into account. You can choose less than  »
between Euclidean and Accumulated distance
(Figure 20).

. [] set threshald velacity [prmgmin]
Set threshold velocity:

Only tracks with velocities that fulfill the slowser than v
adjusted threshold are taken into account
(Figure 20).

Figure 20: Restrictions for the
selected dataset
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5.3 Data Rotation

Rotate dataset: Choosing the rotation option turns the entire dataset to the selected angle
(Figure 21).

Nurnber of tracks: 46

Initialisation || Restrickions | Drata ratation

|:| Raokate Datasek

S

Clockwise robation: Positive value

anticlockwise rokation: Megative walue

Nurnber of tracks: 46

Figure 21: Data rotation: 90° clockwise, in this example
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6 Definitions

In this section, the following definitions (e.g., accumulated distance and Euclidean distance)
are needed for the 2D trajectory plots (Figure 22).

—— @ 5ccum Cell path = Accumulated distance

— —- dj ouaig length of straight line between
cell start and end point (Euclidean distance)

FEREEEE NN NN

[ {xi.end,yi'end) cell end point

—|— Mgng (center of mass)

M Mg (center of mass) = (0,0)

11701
/

Figure 22: Definitions in the 2D trajectory plots. “i" is the index of different
single cells. The first cell has the index “1. the last one “n” (1 < i< n).
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6.1 Directness [ref. 2]

The directness is calculated by comparing the Euclidian distance to the Accumulated
distance. It represents a measurement of the directness of cell trajectories. The values of
directness are always positive. Please note that the directness is not a direct parameter for
judging chemotaxis. It can, however, be used to characterize the straightness of migration,
which is often related to chemotaxis (Figure 23).

d; cuia 1< 10 9ieuia
Di — : D:_ZDi:_Z i,eucli

di,accum n i=1 n i=1 di,acoum
Directness of one single cell Averaged directness of all cells

Figure 23: Examples of different values of directness. Please note, there is no
chemotaxis effect involved, since there is no preferred migration direction. In
this examnble. the nosition of cell endnoints has not chanaed.

6.2 Center of Mass

The center of mass represents the spatial averaged point of all cell endpoints. It is only one
point, and the coordinates can be either positive or negative; this depends on the direction in
which the population of cells have drifted. The center of mass is a strong parameter for
evaluating chemotaxis.
1 n
I\/lend = FZ (Xi, end r Yi, end )
i=1

Center of mass of all cells, at the end of the experiment

Mg = (x =0,y = 0)

Center of mass of all cells, at the beginning of the experiment,
located at the point of origin

The difference in the center of mass, at the beginning and end of the experiment, is called
the displacement (or length) of the center of mass. This value represents the length of
migration for all the cells.
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Figure 24: Examples of Center of Mass (COM), indicated by a blue cross. Without
any chemotaxis, the coordinates of COM are not significantly different from (0, 0),
as seen in the control experiments (left). Strong chemotaxis effects are
characterized by a significant displacement of the COM (right).

6.3 FMI (Forward Migration Index) [ref. 3]

There are two forward migration indices, which represent the efficiency of the forward
migration of cells, and how they relate to the direction of both axes. Both FMI values can be
either positive or negative, depending on the direction in which the cell population has drifted.
FMI values only make sense when a chemotaxis effect is expected under the following
condition: they can be parallel to, or perpendicular to, the x and y axes, but not in 45° angles.

n
_ 1 Yi, end y

Yemr = _Z . \

n i=1 i,accum y

i,end
X . 1i ><i, end
FMI —
n i=1 di,accum
Xiena | Jiaccum

Forward migration indices for all cells

Instead of using Xqy, and ygy, it is recommended to
define a parallel and perpendicular direction, relative
to the gradient. These renamed values, Fwvil
(forward migration index, parallel to the gradient)
and FMI™ (forward migration index, perpendicular to
the gradient), are advantageous, because they
intrinsically define the location of a potential " TTJTTTT[TTTTTTTTTTTTT > X

chemoattractant, even without defining the axis. 7

EEEE NN NN NN EE NN BN

Strong chemotaxis effects are characterized by a high Fwmil (a positive or negative value) and
a FMI ™ that is close to “0"

Control experiments, without any chemoattractant, or with homogeneous chemoattractant
concentrations, result in values close to “0" for both Forward Migration Indices.
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6.4 Rayleigh Test [ref. 4]

The Rayleigh test is a statistical test for the uniformity of a circular distribution of points (cell
endpoints). With p-values larger than p=0.05, the null hypothesis (uniformity) is rejected. Like
all statistical tests, this one strongly depends on the number of cells which are being
analyzed. This Rayleigh test for vector data also includes the distance from the origin [Ref. 5].

A - B . C : D

p=107 p=10"2 p=0.6 p=06

Figure 25: Examples of p-values given by the Rayleigh test. Clearly, the
inhomogeneous (heterogeneous) cell endpoint distributions result in a p-value
smaller than the common p=0.05 threshold (Example A). Larger cell numbers give
more significant p-values (Example B). Homogeneous cell endpoint distributions
result in p-values larger p=0.05, and are therefore considered not to be
iInhomogeneous (=homogeneous) (Example C). The Rayleigh test detects that the
double distributions are homogeneous (Example D).
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7 Step-by-Step Tutorial

1) Import your dataset (e.g. from “Manual Tracking’ as an xIs or .txt file, in a tab-
separated format).

]

7

Import data

2) Select your dataset by clicking on its name, as in this example:

Datasets

3) To find the number of slices in your original data file, click on the following button:

[ apply settings ‘

Show original data I Shows current data

4) Type in the number of slices, the x/y calibration (edge length of one pixel in upm), and
the time interval used for time lapse recording.

Initialisation Restrictions [Drata rotation

Mumber of slices: Use only slices equal

Calibration

A1Y calibration |4 unit w

Time interval z unit w

5) Press the "Apply settings” button, after changing the values and parameters.

Apply settings

Show original data l I Show current data
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6) Press the “Plot data” button to get to the main plot.

_IV_'

Plat data
7) You will get a plot that looks similar to this one:

MNumber of tracks: 46

8) By right-clicking on the graph, you can change its appearance (e.g., scale, label,
marking), and save the image or its animation.

Chamber2_tracking_results_table. txt DEx

Nurmber of tracks: 46

9) By pressing the "Animate plot” button, you can see the animation.

Chambey1_tracking_results_table txt [~ I3fx]

Murmber of tracks: 40, Counts{up: 26, Counts down 14
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10) Press the “Measured values” button to see the measured values (see page 14,
Definitions).

_[1

Measured values

11) Next, the following window will open and you can save the values by pressing the
“Save values” button.

Measured values for Chamber3._tracking_results_table. txt

Slice length in dataset Lto 200

Number of current used tracks | 43

Split dataset ok selected.
Threshold distance Hot selected

Threshold velocity (Mot selected,

Rotation [deg] ot selected,

Forward Migration Index %:-0,00321613 Y: -0,00216619
Directness 0205152

Center of mass [u] %:-7.11395 ¥: -0.636512 Length: 7.14237 |

Rayleigh test palue: 0.785327 (Using endpoints)

i Max Mean Stel Dev
Accumulated distance [um] {965,084 137434 712808 28621
Euclidean distance [um] 18.3568 364.301 144.824 B88.7619
Yelocity (um/min] 0.25353 0.954401 0.49509 0.151776
Save values

i.""l. T
Save values

4 J—— .

12) By pressing the “Close all” button, you'll close all windows.

X

Close all
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For questions or suggestions, please contact info@ibidi.com.

Instructions Chemotaxis and Migration Tool 2.0
© ibidi GmbH, Version 1.0, Yuki Asano, Elias Horn, March 09, 2011 Page 21 of 21



