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1. Introduction

Kinetic Operating Microarray Analyzer (KOMA) is an easy-to-use software developed to
perform calibration and analysis of quantitative microarray data collected using Kinetic
detection protocol. KOMA can be used to analyze data for all ELISA systems, and should be
of interest for other bioanalytical applications in which signal amplification can be followed
over time. The software possesses all important functions that are required for appropriate
translating of raw data into resulting biological information: validation of signals from
replicated spots, analysis of calibration raw data, estimation of assay quantification range
according to FDA guidelines, calculation of unknown analyte concentration, normalization
and visualization of results.

This guide is a step by step explanation of how to use the software and can be particularly
helpful for people that are not familiar with R. The overall workflow scheme of the software
is presented on Figure 1.
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Figure 1. Overview on the workflow used by KOMA for analysis of kinetic microarray data.



2. How to install KOMA

Operating system Windows XP or its newer versions

1. Install Java Runtime Environment (Java Platform (JDK) includes JRE) from
“http://lwww.oracle.com/technetwork/java/javase/downloads/index.html”.

2. Install R by downloading from “http://cran.r-project.org/bin/windows/base” with default
settings.

3. For R version from “2.11.” to <”2.14.” download KOMA package “KOMA.win_1.0.zip”.
For R versions >”2.14.” downlaod KOMA package “KOMA.win_2.0.zip”.

4. Start R.

5. Go to “Packages/Install package(s) from local zip files” and search for downloaded
KOMA _1.0.zip archive.

6. Go to “Packages/Install package(s)”, choose a mirror near to your location and select in the
next window all of the following packages: epicalc, fields, gplots, magic, rgl, tcltk2, tkrplot
(to select more then one package, keep holding <Ctrl> and click on the package’s name).

7. Close R (without saving the workspace).

8. Copy the “KOMA .bat” file after downloading in any arbitrary folder.

9. Start KOMA by activating “KOMA.bat”.

Operating systems Mac/Linux/Unix

1. Install Java Runtime Environment (Java Platform (JDK) includes JRE) from
“http://www.oracle.com/technetwork/java/javase/downloads/index.html|”.

2. Install R by downloading from “http://cran.r-project.org/bin/windows/base” with default
settings.

3. For R versions from “211.” to <72.14” download KOMA package
“KOMA.mac_1.0.tar.gz”.

For R versions >2.14.” downlaod KOMA package “KOMA.mac_2.0.tar.gz”.

4. Unpack the downloaded KOMA archive file.

5. Start R.

6. Go to “Packages and Data”—”Install package(s)”, select in the R package installation
window “Local package (repository)” option and press the “Install” button. Browse for
“KOMA.mac.1.0” or “KOMA.mac.2.0” folder, open it by a double click and press the
“Open” button.

7. Go to “Packages and Data”—”Install package(s)”, choose a mirror near to your location
and select in the next window all of the following packages: epicalc, fields, gplots, magic, rgl,
tcltk2, tkrplot.

8. Close R (without saving the workspace).

9. To start KOMA, open R and enter in the R GUI window:

library (KOMA.mac.1.0) or library (KOMA.mac.2.0) (depending on R version)

GUI ()

and press “Enter”.

3. Kinetic data requirements

KOMA can use output files from any microarray image analysis tool in the common format
*.txt. Raw data files should be generated for each measured time point of signal amplification
time-course and organized in folders sorted in a chronological order (Fig. 2a). Each of the
files should contain a tab-delimited table with following columns (Fig. 2b): “Spot ID” (spot
ID numbers that correspond to chip layout), “Substance” (names of analytes encoded by the
IDs), “Mean” (spot mean signal intensity values) and “Confidence” (confidence values
evaluating signal goodness).
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Figure 2. Organization of kinetic data. (a) Structure of chronologically sorted folders
containing (b) result.txt files with raw data.

4. Analyzing data with KOMA
After executing “KOMA.bat”, the “Main menu” window will appear. Any function of the
software can be separately activated in this window.

Figure 3. The main menu window.
4.1 General settings
Prior to calibration or data analysis:
1. Go to “General” — “Set working directory” and select a folder, where all results will be
stored.
2. For layout definition, go to “General” “Define array layout” and browse for any
result.txt raw data file, which corresponds to the layout of interest (Fig. 4).
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Figure 4. Designation of working directory and array layout definition.

4.2 Calibration data analysis

1. To define kinetic calibration parameters, go to “Calibration” — “Define calibration
settings” and enter the number of calibrator concentrations in dilution series, the highest
calibrator concentration, the dilution factor, the total time of kinetic detection and the time
interval between each of measured time-points that were used for collecting of calibration

data (Fig. 5).
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Figure 5. Definition of calibration parameters.

2. Go to “Calibration” — “Start calibration”. KOMA will ask to browse for folder containing
raw calibration data. Afterwards, in the opening windows select the analyte from the
previously defined layout list, for which the calibration has to be performed, and enter an 1D
for the calibration replicate (Fig. 6).
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Figure 6. Selection of calibration data and analytes.

KOMA will automatically extract chosen calibration data. A subsequent window will display
important diagnostic information: an overlay of signals versus amplification time from
equivalent spot replicates, an overlay of signal confidence values versus amplification time, p-



values estimated by Kolmogorov-Smirnov normality test, as well as mean signal plots for
every calibrator dilution (Fig. 7).

3. For each calibrator dilution, exclude, if necessary, failed spot intensity measurement(s)
according to the visualized data and press the “OK” button to calculate the mean intensity
value.
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Figure 7. Validation of signals from equivalent spot replicates (6 replicates were used). In
this example, the microarray spot with ID=165 was damaged and its signal has to be excluded
from the mean calculation.

When the signals from every calibrator concentration are verified, a message window will
inform that signal verification procedure for this particular calibration replicate is finished. An
R file Analyte_name/Calibration_replicate_ID, containing validated mean signals will be
saved in the working directory.

[NOTE: A proper assay calibration, e. g. required for analysis of clinical samples, must be
performed with at least 3 independent calibration replicates. The raw data from every
replicate have to be analyzed as described above. After this analysis, the working directory
will contain three R files with validated mean signal data.]

4. In the final calibration step, the mean calibration surface and the limits of quantification are
estimated. For this, go to “Calibration” — “Estimate mean calibration surface” and select the
analyte of interest from the layout list. KOMA will load respective R files obtained from
independent calibration replicates (at least 3 of them) and generate a 3D overlay of time-
resolved signal increase for every calibrator concentration and every replicate. In a second
window, failed calibration replicates can be excluded, if necessary, from the following
analysis (Fig. 8).

Raw data of the different calibration repiicates

\4
A
v

10
o8 00

Log(C) of catibrator fngmi]

Figure 8. Verification of independent calibration replicates. In this example, data from 6
independent replicates were overlaid.




Validated calibration data must be accepted by right mouse click — Stop, and KOMA will
load them to generate the mean calibration surface, calculate the upper and lower limits of
quantification, as well as the relative standard deviation (Fig. 9).
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Figure 9. Mean calibration surface and limits of quantification. The mean calibration surface
(red) is generated by GRPR on kinetic data from the batch of 7 calibrator concentrations (blue
points). The upper and lower limits of quantification are indicated by green and blue planes
(left window) or lines (mid window), respectively. The right diagnostic window shows a 3D
plot of relative standard deviation, representing the exactness of assay calibration.

Once generated for every analyte separately, the mean calibration surfaces will be saved as R
files Analyte_name/Mean_calibration_surface in the working directory and can be used for
calculation of unknown concentrations.

4.3 Calculation of unknown concentrations

Calculation of unknown analyte concentrations in samples can be performed in two ways.

If the number of samples to be analyzed is small, or kinetic data must be loaded from different
folders, use the regular analysis format. For this,

1. go to “Analysis” — “Analyze single sample”, select analyte of interest from the layout list
and browse for the folder with experimental data of interest.

2. If several samples were measured simultaneously, select (left mouse click) in the opening
window the subdirectory, which contains readout data of the sample of interest, enter sample
name (ID) and press “OK” button (Fig. 10).

Chaose folder with data of interest

KOMA: Sample ID
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Figure 10. Workflow of single sample analysis. In the shown example, 8 samples were
measured in parallel, so the main directory “Experimental data” contains subdirectories for
each measured time-point; each of them contains 8 folders (“02-A” ... “02-D”) with result.txt
files corresponding to each of the 8 samples.

KOMA will extract selected sample data and generate a diagnostic figure for signal validation
(Fig. 11). Signal validation procedure is the same as described in 4.2.
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Figure 11. Validation of signals from equivalent spot replicates for the calculation of an
unknown analyte concentration.

If the button “OK and plot the result” is pressed, KOMA will import two-dimensional time-
resolved mean signal curve (Fig. 11, right plot) and calculate the minimal Euclidian distance
from this curve to the respective mean calibration surface, loaded from R-file. The curve is
then plotted in 3D space using the criterion of the minimal Euclidian distance versus the
calibration surface and its projection on the concentration-time plane will give the exact
analyte concentration (Fig. 12). Returned analyte concentration will be automatically saved in

the Main menu table.
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Figure 12. Calculation of unknown analyte concentration.

By clicking on the “OK” button in the diagnostic window (Fig. 11), the plot generation will
be skipped.

3. To analyze the next sample, repeat the procedure described above. Calculated
concentrations will be saved in the Main menu table. In the analysis of biological or technical
replicates, KOMA will also calculate mean concentrations and standard deviations in repeated
measurements, when the same analyte is consequently analyzed (Fig. 13).
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Figure 13. Main menu table containing calculated concentrations of Phospho-HSP27 in 5
samples measured twice. Mean values and standard deviations are calculated automatically.

For high-throughput analysis of many samples,

1. go to “Analysis” — “Analyze batch of samples”, select an analyte from the layout list and
browse for the folder with the respective experimental data of interest. After this, diagnostic
figures will be generated and the concentration calculation performed for all samples (one by
one) in the chosen directory. The resulting data will be automatically saved in the Main menu
table, sample names will be the same as names of subdirectories containing result.txt files
(Fig. 14).

2. To analyze the next analyte, go to “Analysis” — “Analyze batch of samples” and select
another analyte of interest from the list.
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Figure 14. Main menu table with results of a high-throughput analysis. In the shown example,
high-throughput data analysis allows to calculate precise concentrations of 20 analytes in 16
samples within few minutes. However, this option does not allow for automatic calculation of
mean and SD values as well as for renaming samples.

4.4 Visualization of results

When the calculation of concentrations is finished go to “Table menu” — “Save table” (Fig.
15). Calculation of mean values and standard deviations (for the regular analysis only) will be
completed and the resulting table will be saved as an Excel document in the working
directory.
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Figure 15. Table menu.



For the visualization of results, go to “Table menu” — “Plot table”. If the resulting table is
generated in a regular format analysis, KOMA will plot mean concentration values together
with respective SD values (Fig. 16):
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Figure 16. Bar plot of results table depicted in Fig. 13.

If the resulting table is generated in a high-throughput format analysis, KOMA will plot the
calculated concentrations for each analyte in a separate window (Fig. 17).
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Figure 17. Bar plot of results table depicted in Fig. 14.
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The table of results can be saved as normalization table, e. g. if it contains data of some
internal standard or a housekeeping protein. For this, go to “Table menu” — “Save as table
for normalization”. KOMA will save this table in the working directory as R file
“Normalization table/Analyte”. Every next table of results can be normalized by selecting
“Table menu” — “Normalize table” and choosing the normalization R file of interest.
Additional functions of “Table menu”, “Erase last step” and “Erase last line” can be used to
remove the last input or the last sample respectively.

“Erase whole table” function has to be used after saving current results table and prior to
performing a new round of data analysis.

5. Help
Function “Manuals” in Main menu allows to access PDF files containing this user’s guide and
a detailed description of R functions used by KOMA.



