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1  Functionality of MADA

1.1 Validation based on a data set taken from Peplies et al., 2004
(Identification)

In the study of Peplies et al. 2004, a DNA microarray for the detection of marine bacteria based on 16S
rRNA-targeted probes was set up and validated. Figure 1 shows the image of the scanned microarray
that corresponds to the results shown in Fig. 1B of the publication. The raw data file can be

downloaded at http://www.megx.net/mada.
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Figure 1. Image of the scanned microarray that correspond to the experiment shown

in Fig. 1B of the publication of Peplies et al., 2004.

The raw data file was imported into MADA. Channel 1 and 2 where extracted using the QuantArray
extraction filter. The calculation settings were as followed: local background correction, signal

significance test (t-score = 2), no outlier test (advanced options), mean of replicates from at least ten
valid signals (twenty replicates in total for each probe), no normalization, StDev from replicates, and

ratio & intensity disabled (advanced options).

Figure 2 shows the spot signals which were assigned as significantly higher than the local background.
No significant signals were found for the mismatch controls (located right to the vertical line) as also

reported by Peplies et al. who processed the raw data manually.
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Figure 2. Spot signals that were assigned as significantly above the local background
by MADA (framed) with a probability for false-positive results of < 2,5%. Probes are
highlighted for which the mean of replicates was calculated according to the setting

'at least ten valid signals' within the twenty replicates.

Figure 3 was created from the processed raw data set using the MADA 'Plot Chart', 'Mean of replicates’

function for selected values of Channel 2. It represents an exact match to the corresponding figure

published by Peplies et al.
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Figure 3. MADA "Mean of replicate' plot for the raw data set taken from Peplies et al, 2004.

The analysis was done with a Pentium III 700MHz and 512MB of RAM using Excel 97 with the

operating system WinNT. The total computing time was ~1min for import, extraction, calculation and

visualization.
Update 02.2007: By using MADA 2.0 on the same computer system, the total computing time for

import, extraction, calculation and visualization was ~0.66min.



1.2 Validation of the MADA outlier test

A modified version of the original raw data file (compare section 1.1) was created by manual insertion
of five outlying data points within selected probe replicates. For probe MALF-1, the signal intensity of
one replicate was increased 5-fold to simulate a hybridization artifact such as dirt on the slide surface.
Single replicates with 3-fold and 2-fold reduced signal intensity were introduced for probes RC1031
and RC1239, respectively, to simulate spotting artifacts. For probe GRb, the signal intensity of two
replicates was 4-fold increased and 2-fold decreased, respectively. The modified raw data file can be
found at http://www.megx.net/mada.

Figure 4A was calculated without using the MADA outlier test to demonstrate the effect of the
introduced outliers on the data quality (indicate by the high standard deviations for the corresponding
probes). Subsequently, the data set was processed using the MADA outlier test with a setting for the
deviation difference of >30% (Fig. 4B). All outlying data points have been identified by MADA.
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Figure 4. Signals and the corresponding standard deviations calculated by MADA from the modified
raw data file containing outlying data points within selected probe replicates. (A) Without performing
the MADA outlier test. (B) Using the MADA outlier test with a setting for the deviation difference of
>30%.




1.3 Validation based on a data set taken from Helmann et al., 2003
(Gene expression profiling)

In the study of Helmann et al., 2003 the expression level of approx. 3700 Bacillus subtilus genes was
compared for a perR mutant and a wild type strain by microarray hybridization of six replicated arrays
each containing 4608 spots. A number of ~75 genes was identified as significantly upregulated (3-fold)
in the perR mutant (Table 1 of the corresponding publication). The raw data files (Bacillus PerR set,
ExptID 25863 — 25868) are available at the Stanford Microarray Database (SMD) at
http://smd.stanford.edu/cgi-bin//publication/viewPublication.pl?pub_no=205.

Since the data organization in the raw data files does not fit to any common structure, a specific
extraction filter was created using MADA's integrated "Edit filter'-tool (Fig. 5). The filter can be found

at http://www.megx.net/mada.

— Filker Definition

Data block start Data block end Daka column at block Lines of data column ko use
= =l = |
GENE Names: AT_LABEL=Spaok HEADER=Mame LINE{S)=4610
Chl Fluorophore: MOME=CH1
Chil Spot Intensity: AT_LABEL=5pat HEADER=Ch1 Intensity (Mean) LINE(S)=4610
Ch1 Spot Background: LIKE_PREVIOUS HEADER=Channel 1 Background (Mean) LIKE_PREVIOUS
Ch1 Spot Backg, StDew: LIKE_PREYIOUS HEADER=5td Dev of Ch1 Background LIKE_PREYIOUS
Ch2 Fluorophore: MOME=CHZ
Chz Spot Intensity: AT_LABEL=5pat HEADER=ChZ Intensity (Mean) LINE(S)=4610
Ch2 Spot Background: LIKE_PREVIOUS HEADER=Channel 2 Background {Mean]) LIKE_PREVIOUS
ChZ Spot Backg, StDew: LIKE_PREYIOUS HEADER=5td Dev af Ch2 Background LIKE_PREYIOUS
Ch3 Fluorophore: MOME
Ch3 Spot Intensity: MOME
Ch3 Spot Background: MOME
Ch3 Spot Backg. StDew: MNONE

Figure 5. Settings for the MADA extraction filter created for the extraction of the raw data file
provided by Helmann et al., 2003.

The six raw data files (25863.xIs to 25868.xls) were imported into MADA as 'Raw Data 1' to Raw
Data 6'. Data extraction was done for channel 1 and 2 using the extraction filter shown in Fig. 5 and the
option 'consecutive grouping of replicates via names'. Calculation was done with the following settings:
local background correction, signal significance test with a probability for false-positive results of <5%
(t-score = 1.6), no outlier test (advanced options), mean of replicates from at least one valid signal,
normalization at own channels according to the 'mean of overall signal intensity' option, StDev from
replicates and ratio & intensity.

Because the channels of the two fluorescent dyes were switched for the original raw data files 25863 to
65 and 25866 to 68, the channel assignment for ratio & intensity in MADA was also switched
(Ch2/Ch1 for the first three and Ch1/Ch2 for the last three hybridizations).

MADA was not able to combine the forty replicates of the probe called 'GENOME!' to a single value
since the corresponding Excel formula for 'mean of replicates' exceeds the Excel limitation of the
maximum formula length.

For visualization of the results, the MADA RI-Plot was used with only the upregulated genes selected

according to a regulation factor of 3.



In Table 1 the expression ratios calculated by MADA are shown in comparison to the results of
Helmann et al., 2003 (Table 1 of the publication). The ratios calculated by MADA correspond to the
foldinduction values of the genes given by Helmann et al. with an accuracy of 97.4% +2.4%. The
divergence is presumably due to slight differences in the calculation and normalization procedures
which were not specified in detail by Hellmann et al. Three genes are not included in the comparison,
the zosA gene was missing in the raw data files and for the yyb/ and ytpQ gene no differential

expression according to the 3-fold cutoff could be detected.

With a Pentium III 700MHz and 512MB of RAM using Excel 97 with the operating system WinNT the
computing time for each raw data file including import, extraction and calculation was ~ 4.5min. A
Pentium IV with 1GB of RAM, using Excel 2002 (Office XP) at WinXP was able to handle this task in
~ 2 min.

Update 02.2007: MADA at version 2.0 was able to handle this task in ~0.33min on the Pentium III
700MHz, 512MB Ram using Excel 97 at Windows NT and in ~0.15min on the Pentium IV 3GHz with
1GB of RAM, using Excel 2002 at Windows XP.



Helmann et al. 2003, Tab.1 MADA
Gene(s) Foldinduction Ratio values logarithm base 2 Ratio values transformed to foldinduction Average Accuracy [%]
Ch2/Ch1 Ch1/Ch2 Ch2/Ch1 Ch1/Ch2
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comER 9.9 3.29 3.37 2.99 3.10 9.76 10.32 7.94 8.55 9.14 92.3
yybF 9.81 3.38 324 331 336 3.21 3.31] 1042 943 991 1026 928 9.94| 987 99.4
mrgA 9.64 3.26 3.25 3.23 3.24 3.34 3.35 9.58 9.53 9.41 9.42 10.14  10.18 9.71 99.3
ywfM 8.94 344 337 3.04 292 10.85  10.36 8.21 7.59 9.25 96.6
comEA 8.27 294 293 286 325 328 767 760 725 952 9.73]  8.35 99.0
comGA 3.14 3.05 3.71 3.51 3.42 8.81 829 1310 11.39 10.73] 10.46
comGB 315 286 290 319 320 387| 887 727 746 911 9.16 14.60] 9.41
comGC 2.74 2.71 3.41 3.15 3.22 6.66 6.54 10.66 8.87 9.31 8.41
comGD 315 317 303 312 315 394| 887 897 819 872 886 1536] 9.83
comGE 2.86 2.84 2.79 3.44 7.27 7.18 6.92 10.86 8.06
comGF 2.82 2.91 2.75 2.89 3.54 7.05 7.53 6.72 1.00 7.40 11.66 6.89
comGG 195  1.92 191 239 227 230| 38 378 375 525 482 491 4.39
[comG(ABCDEFG) 7.93 + 1.74 8.21 + 2.06 96.6
melA 7.31 287 280 288 323 303 310] 732 698 736 941 814 856 7.96 91.8
cwlJ 7.64 3.01 304 284 288 8.04 822 714 738 7.70 99.3
lgbsA 3.04 2.97 2.96 2.91 3.37 8.21 7.82 7.80 7.49  10.31 8.32
gbsB 253 251 256 280 577 569 592 695 6.08
gbsAB 7.62 + 0.52 7.20 + 1.59 94.5
imsmR 223 220 226 249 238 233| 470 460 478 562 520 503] 499
imsmE 3.24 3.21 3.30 2.88 2.90 2.89 9.46 9.23 9.83 7.37 7.45 7.40 8.46
lamyD 2.97 2.84 2.96 3.18 3.07 2.98 7.85 7.15 7.78 9.06 8.39 7.87 8.02
amyC 326 315 327 291 299 292| 957 887 962 750 795 7.59] 852
msmRE amyDC 7.44 + 1.67 7.50 + 1.69 99.3
dppA 248 252 248 276 273 317| 558 572 558 679 6.65  9.01 6.55
dppB 2.84 2.71 3.25 7.14 6.54 9.51 7.73
dppC 268 248 265 313 299 641 560 629 873 795 7.00
dppD 2.54 2.47 2.35 3.13 3.12 3.16 5.81 5.53 5.10 8.78 8.71 8.91 7.14
dppE 2.72 2.62 2.76 2.71 2.63 3.11 6.59 6.14 6.76 6.52 6.19 8.64 6.81
dppABCDE 7.04 + 0.81 7.05 + 0.44 99.9
zosA 5.97 not avalible in the raw data sets
appD 256 248 260 253 247 273| 591 558 606 577 553 6.64] 591
appF 239 221 233 258 254 249| 524 462 503 6.00 581 561 5.39
lappDF 5.53 + 0.34 5.65 + 0.37 97.9
katA 5.34 2.45 2.40 243 2.34 2.37 2.52 5.45 5.28 5.40 5.06 5.18 5.72] 5.35 99.9
ilvB 2.96 2.93 2.88 2.70 2.77 3.03 7.79 7.63 7.36 6.49 6.81 8.19 7.38
ilvC 2.16 1.95 1.94 2.16 4.46 3.87 3.85 4.47 4.16
leuB 203 200 197 4.09 401 3.90 4.00
leuC 1.98 2.02 2.11 2.39 2.33 2.33 3.96 4.05 4.33 5.25 5.02 5.02 4.61
ilvBC leuBC 5.01 £ 0.71 5.04 + 1.58 99.5
ureA 2.44 2.29 2.55 5.42 4.89 5.84 5.39
ureB 219 219 2.24 4.56  4.56 4.73 4.61
ureC 1.81 1.71 1.96 1.92 3.50 3.27 3.90 3.79 3.61
ureABC 4.96 + 1.4 4.54 + 0.89 91.5
yckD 1.98 210 1.96 3.95 4.28  3.88 4.03
yckE 2.33 2.13 2.24 2.57 2.45 2.40 5.02 4.38 4.72 5.92 5.47 5.29 5.13
lyckDE 4.96 + 0.1 4.58 + 0.78 92.4
yybl 4.92 0.39 0.17 1.31 1.12|not expressed
lappB 2.01 1.81 1.91 2.33 2.28 2.20 4.04 3.51 3.76 5.04 4.84 4.58 4.30
lappC 238 242 230 232 245 293| 520 534 492 498 547 7.64] 559
appBC 4.98 + 0.9 4.94 +0.92 99.3
yxbC 4.6 2.38 217 2.24 2.10 2.04 2.51 5.22 4.51 4.73 4.28 4.13 5.71 4.76 96.6
yxbB 221 205 204 237 215 229| 461 414 411 518 444 483] 4.56
yxbA 2.15 2.03 2.19 1.92 2.06 4.42 4.09 4.55 3.79 4.17 4.20
lyxbBA 45+ 0.1 4.38 + 0.25 97.4
yufN 4.44 224 219 472 456 4.64 95.7
yvaW 1.62 1.53 1.60 1.79 1.72 1.05 3.08 2.89 3.04 3.45 3.30 2.07 2.97
yvaY 250 236 250 270 260 258| 567 514 565 648 6.06 599] 583
yvawy 4.36 + 0.2 4.40 + 2.02 99.0
yhdG 4.27 163 189 261 2.23 310 370 610 468 4.39 97.2
IsipT 4.25 2.14 1.79 2.06 217 4.41 3.46 4.16 4.49 4.13 97.1
ygbA 4.18 200 206 198 205 204 231 400 416 394 415 410 4.98] 4.22 99.0
lopsA 1.84 1.61 1.69 1.98 1.95 3.58 3.05 3.22 3.94 3.87 3.53
lppsB 1.78 155 158 209 1.00 2.00| 344 293 298 426 200 399| 327
psC 2.06 2.03 2.02 1.99 1.66 4.17 4.09 4.07 3.97 3.16 3.89
[opsD 2.36 218  1.67  1.73 5.13 4.52 319 331 4.04
[ppsE 205 209 203 193 190 201| 414 425 409 38 374 403] 401
ppsABCDE 3.93 + 0.52 3.75 + 0.34 95.4
yuiA 3.9 1.87 2.06 3.66 417 3.91 99.7
ykvK 163  1.74 154 182 169 222| 310 333 291 352 323 4.65| 346
ykvL 2.24 2.21 2.22 2.06 2.10 2.21 4.74 4.63 4.66 4.17 4.30 4.63 4.52
ykvM 182 183 178 200 189 203| 353 356 344 401 370 4.08] 372
ykvKLM 3.83 + 0.6 3.90 * 0.55 98.2
yheK 3.76 196 188 193 197 18 199| 389 369 381 393 364 399 382 98.3
yisS 3.67 173 160 172 212 205 211 332 303 329 436 413 432 374 98.1
ykfB 1.93 1.81 1.77 2.17 1.92 3.82 3.51 3.40 4.50 3.79 3.80
ykfC 1.62 147 153 209 200 210| 307 277 283 425 399 4.28| 354
ykfD 1.76 1.65 1.65 1.87 1.81 2.28 3.38 3.15 3.13 3.66 3.50 4.84 3.61
ykfBCD 3.67 + 0.34 3.65 + 0.14 99.5
ywcE 3.5 1.70 1.52 1.72 2.13 1.91 1.94 3.25 2.87 3.29 4.39 3.75 3.84] 3.57 98.2
yoeB 3.29 169 170 173 163 172 185 322 324 331 310 329 361 3.30 99.8
yhdC 3.27 175 169 155 181 1.81 175 337 322 293 352 351 3.36]  3.32 98.5
bioA 1.71 1.69 1.68 1.79 1.82 1.78 3.28 3.22 3.20 3.46 3.53 3.44 3.35
bioF 144 134 139 208 200 203| 271 253 263 422 399 4.07|] 336
bioD 1.74 164 172 175 178 180| 334 311 330 336 344 349| 334
bioB 1.45 1.44 1.38 2.01 1.81 1.83 2.73 2.72 2.60 4.04 3.50 3.56 3.19
bioAFDB 3.26 + 0.11 3.31 +0.08 98.4
rapH 3.21 1.44 1.38 1.48 2.00 1.88 1.93 2.71 2.61 2.78 4.01 3.68 3.81 3.27 98.3
yybG 3.14 176 175 162 149 165 167| 338 336 308 28 314 319 3.16 99.5
lopuBB 3.14 1.69 1.95 1.74 1.53 3.23 3.87 3.34 2.88 3.33 94.3
ytpQ 3.1 -0.04  -0.08 -0.05 -0.01 0.03 003] 098 095 096 099 1.02  1.02|not expressed
gltB 3.07 1.73 1.73 1.67 1.42 1.51 1.67 3.31 3.32 3.19 2.67 2.85 3.18] 3.09 99.4
ywfH 3.07 138 138 1.8 183 182 2.60 261 367 355 352 3.19 96.2
yqzE 2.88 1.24 1.46 1.56 1.53 2.14] 2.36 2.75 2.94 2.88 4.41 3.07 93.9
Average 97.4 + 2.4

Table 1. Comparison of the original data published by Helmann et al., 2003 (Tab. 1 of the publication)
and the results from corresponding data sets processed by MADA.




2 Comparison to similar software tools

2.1 MarC-V (Schageman et al., 2002)

MarC-V represents the most similar software tool compared to MADA since it is implemented as a
VBA macro in Excel and is equipped with a graphical user interface. MarC-V was developed for
normalization and visualization of single, two-color microarray experiments in the field of gene
expression profiling using GenePix® data files. Data from other sources must be copied and manually
pasted into the program by using a special custom version of MarC-V. Various options and
visualizations can be accessed within ten Excel worksheets. The program was published by Schageman

et al. in 2002 and can be downloaded at http://pga.swmed.edu/Information/marcV_Info.htm.

2.1.1  Based on the data set from Peplies et al., 2004

Since MarC-V was exclusively designed for the analysis of two-color hybridization experiments in
expression profiling, the program was not able to process the data from the study of Peplies et al., 2004
in a reasonable way. Here, only the data from a single channel (Ch2 - the data from Ch1 just represent

control spots) are of interest for organism identification purposes.

2.1.2 Based on the data set from Helmann et al., 2003

Since only files in the GenePix file format can be imported into the current version 2.95 of MarC-V,
initially the raw data provided by Helmann et al., 2003, could not be processed by the program.
Therefore, the 2.91.custom version of MarC-V was used which is provided for manual data import
using the Windows 'copy and paste' function.

Before extraction of raw data columns required by MarC-V, the original raw data file had to be adapted
in different ways. All spots named '6xSSC' were renamed to 'BLANK' since the program requires
'blank’ spots for threshold calculations. Moreover, MarC-V requires information on spot quality, often
provided by manual 'flagging' of the spots during image analysis to differentiate between 'good' and
'bad' spots. Since this information is not available in the raw data files of Helmann et al., an additional
column called 'Flag' was inserted by hand with a setting of '100' for each spot which corresponds to
'good'. Subsequently, the columns 'Name', 'Flag', 'Ch1 Intensity (Mean), Channel 1 Background
(Mean), 'Ch2 Intensity (Mean) and Channel 2 Background (Mean) where manually copied into MarC-
V with the Excel automatic calculation deactivated.

After reactivation of the automatic calculation data processing was started. The calculation is based on
local background correction, threshold adjustment, Cy3 and Cy5 ratios, and normalization according to

mean log ratio by default and can not be modified by the user. Results are visualized by different plots



such as scatter plots, commonly used in gene expression analysis. Probe replicates are processed as
single genes and can not be combined into a single mean or median value. For analysis of each of the
six data sets the program was restarted since MarC-V includes no batch processing of different

experiments.

The computing time was approximately ~1.25min for each data set with a Pentium IV 3GHz and 1GB

of RAM using Excel 2002 (Office XP) with WinXP.

The final results of the calculations are shown in comparison to the results published by Helmann et al.,
2003, in Table 2. The average accuracy was 93.3% +4.2%. Three genes are missing in the comparison:
the gene zosA could not be found in the raw data files and for the genes yyb/ and ytpQ no differential

expression according to the 3-fold cutoff could be detected.

-10 -



Helmann et al. 2003, Tab.1 MarC-vV
Gene(s) Foldinduction Gene(s) Normalizied Fold Average Accuracy [%]
'Cy3' = Ch1, 'Cy5' = Ch2 'Cy3'=Ch2,'Cy5'= Ch1
@ < [Ted © ~ ©
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el £l g El g ¢
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comER 9.9 COMER 10.75| 17.01] 11.57 7.42 7.97] 13.95] 11.44 86.5
yybF 9.81 YYBF 11.47] 10.56] 11.11 9.59 8.65 9.63 10.17 96.5
mrgA 9.64 MRGA 1055] 10.67] 10.55] 8.80 9.45 9.86 9.98 96.6
ywfM 8.94 YWFM 11.95| 11.61] 14.78 7.67 7.08| 12.32] 10.90 82.0
comEA 8.27 COMEA 8.44 8.52 8.13 8.90] 10.06] 9.42 8.91 92.8
comGA COMGA 8.62 9.87| 9.29| 12.24]| 10.62( 10.39 10.17
comGB COMGB 9.76] 815 837| 851 8.54( 14.14 9.58
comGC COMGC 7.82 7.46 7.33] 9.96| 827 9.01 8.31
comGD COMGD 9.77| 10.05] 9.18| 8.14 8.26| 14.87 10.05
comGE COMGE 8.00] 8.05 7.76] 10.15| 9.67| 12.17 9.30
comGF COMGF 7.76 8.44 7.53 7.10 6.90| 11.29 8.17
comGG COMGG 4.25| 4.23] 4.20| 490 4.49 4.76 4.47
comG(ABCDEFG) 7.93 + 1.74 8.58 + 1.9712 92.4
melA 7.31 MELA 8.06 7.82 8.25| 8.79 7.59 8.29 8.13 89.9
cwlJ 7.64 CWLJ 8.85 9.21 8.01 6.89 6.75 7.94 96.2
gbsA GBSA 9.03 8.76 7.29 6.98 9.98 8.41
gbsB GBSB 6.60] 6.46 6.38] 553 6.48 6.29
gbsAB 7.62 + 0.52 7.35 + 1.4989 96.5
msmR MSMR 517| 515] 536| 525 4.85| 4.87 511
msmE MSME 10.42] 10.34| 11.02 6.89 6.94 7.17 8.80
amyD AMYD 8.64 8.01 8.73] 846 7.82 7.63 8.21
amyC AMYC 10.53 9.94| 10.78 7.01 7.41 7.35 8.84
msmRE amyDC 7.44 + 167 7.74 £ 1.7763 96.1
dppA DPPA 6.14 6.41 6.26 6.34 6.20 8.72 6.68
dppB DPPB 7.86 7.33 8.87| 16.49 10.14
dppC DPPC 7.06] 6.27 7.05] 8.16 7.41| 13.04 8.17
dppD DPPD 6.39 6.20| 572 820| 812 8.63 7.21
dppE DPPE 7.26] 6.88 7.58 6.09| 577 837 6.99
dppABCDE 7.04 + 0.81 7.84 £ 1.4004 89.8
zosA 5.97 not avalible in the raw data
appD APPD 6.51 6.25 680 539 515| 643 6.09
appF [APPF 577 518| 5.64 560 542 5.43 5.51
appDF 5.53 + 0.34 5.80 + 0.4102 95.4
katA 5.34 RATA 6.00 5.92 6.06] 4.73 4.83 5.54 5.51 96.9
ilvB. ILVB 857 855 825 6.07 6.35 7.93 7.62
ilvC ILVC 7.29 4.99 6.76| 3.61 3.59 4.33 5.09
leuB LEUB 4.59| 4.50| 3.65| 4.00| 5.50 4.45
leuC LEUC 4.36| 4.54 4.85| 4.91 4.68 4.86 4.70
ilvBC leuBC 5.01+ 0.71 547 + 1.4613 91.7
ureA UREA 7.04 6.08] 549] 5.18| 545 5.85
ureB UREB 5.64 510 5.11 7.30| 4.41 7.14 5.78
ureC UREC 385 4.57] 3.66| 3.64 3.53 3.37 3.77
ureABC 4.96 + 1.4 5.13 £+ 1.1795 96.6
yckD YCKD 587 4.42| 5.10] 4.00| 3.62| 14.33 6.22
yckE YCKE 5.53 4.91 5.29] 5.53| 510 5.12 5.25
yckDE 4.96 £ 0.1 5.73 + 0.6886 86.5
yybl 4.92 YYBL 158 149 147 115| 1.09] not expressed
appB APPB 4.44 3.94 4.22| 4.71 4.51 4.43 4.38
appC APPC 5.73 598| 5.51 4.65] 5.10 7.40 5.73
appBC 4.89 + 0.9 5.05 + 0.9565 96.8
yxbC 4.6 YXBT 5.74 5.05 5.30 4.00 3.85 5.53 4.91 93.6
yxbB YXBB 5.08 4.64 4.61 4.84 4.14 4.73 4.67
yxbA YXBA 4.87| 458 5.10| 3.54 3.88 9.39 5.23
yxbBA 4.5+ 0.1 4.95 + 0.3938 90.9
yufN 4.44 YUFN 5.02 5.47 5.29 426 374 7.69 5.24 84.7
yvaW YVAW 3.39 3.24 3.41 322 3.08 2.01 3.06
yvaY YVAY 6.24 5.76 6.34 6.05| 5.65 5.81 5.97
yvaWy 4.36 + 0.2 4.52 + 2.0627 96.6
yhdG 4.27 'YHDG 5.99 47]  4.15] .70 4.36 4.74 90.2
|sipT 4.25 |siPT 4.85 .88] 4.66 4.87 4.19 6.28 4.79 88.8
YabA 218 YGEA 2.40] 4.66| 4.42] 387 3.82] 482 133 96.5
[ppsA PPSA 395 341 3.61 4.32
PPSA 282 9.23 2.36 2.41 4.01
|ppsB PPSB
PPSB 3.54 3.52 3.98 3.68 3.68
[ppsC PPSC 3.91 4.01 4.53 3.79 2.95
PPSC 4.70( 471 4.57| 3.70] 6.26 4.31
|ppsD PPSD 4.76 5.69 3.08
PPSD 4.51
PSE PPSE 493 527] 4.86] 3.51 3.44 4.44
PPSE 4.06( 4.18 4.26|] 3.66] 353| 3.54 4.14
ppsABCDE 3.93 £+ 0.52 4.13 £ 0.315 95.1
yuiA 3.9 YOIR 724] _576] _410] 494 389 512 767 834
ykvK YKVK 3.41 3.73 327 3.29 3.01 4.50 3.53
ykvL YKVL 5.21 5.19 5.23 3.90| 4.01 4.48 4.67
ykvM YKVM 3.89[ 3.99 3.86| 3.75 3.45| 3.96 3.81
ykvKLM 3.83 + 0.6 4.01 £+ 0.5916 95.6
yheK 3.76 [YHEK 4.28 4.14 4.27 3.67 3.39 3.86 3.94 95.5
yisS 3.67 YISS 3.65] 3.40, 369 4.07 3.86] 4.18 3.81 96.4
ykfB YKFB 4.20( 3.93 3.81 4.21 3.53 6.64 4.39
ykfC YKFC 338 3.11 3.23 397 372] 4.15 3.59
ykfD YKFD 372 353 3.51 3.42 3.26] 4.69 3.69
ykBCD 3.67 £+ 0.34 3.89 + 0.4346 94.4
ywcE 3.5 'YWCE 3.58 3.21 3.69] 4.10] 3.50 3.72 3.63 96.3
yoeB 3.29 'YOEB 3.55| 3.63 3.71 2.90 3.07 3.49 3.39 97.0
yhdC 3.27 YHADT 3.71 3.61 328 3.9 3.27 3.25 3.40 96.1
bioA BIOA 3.61 3.60| 3.59 3.23 3.29] 333 3.44
bioF BIOF 298| 283 295| 395] 372| 394 3.40
bioD BIOD 3.68[ 349 3.70| 3.14 3.21 3.38 3.43
bioB BIOB 3.01 3.05| 291 3.78 3.26] 345 3.24
bioAFDB 3.26 + 0.11 3.38 + 0.0926 96.5
rapH 3.21 RAPH 299 292 3.12 3.75 3.43 3.69 3.32 96.8
bG 3.14 'YYBG 3.72 3.76 3.45 2.62 2.92 3.09 3.26 96.3
opuBB 3.14 OPUBB 3.55| 4.33 .75 2.69 2.87 3.44 91.3
tpQ 3.1 YTPQ .04 1.01 1.02
YTPQ A 17 not expressed
ItB .07 GLTB .64 7. .57 .50 .66 3.08 .20 6.1
ywfH .07 'YWFH .29 9. .92 .43 .31 3.41 21 5.5
IvazE 88 YQZE 60 G ‘09| 75| 2.68] 4.27 7 0.8
wverage 93.3 = 4.2

Table 2. Comparison of the original data published by Helmann et al., 2003 (Tab. 1 of the publication)
and the results from the corresponding raw data sets processed with MarC-V.
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2.2 BRB-ArrayTools

The BRB-ArrayTools 3.3 is an Excel add-in that provides a number of tools for the computation and
visualization of, e.g., SAM or Cluster analysis. Normalized expression ratios are calculated from the
microarray raw data in a similar way to MADA. The program including a manual can be downloaded
at the web page of the National Cancer Institute, Division of Cancer Treatment and Diagnosis,

Biometric Research Branch at http://linus.nci.nih.gov/BRB-ArrayTools.html.

2.2.1 Based on the data set from Peplies et al., 2004

We have tried to import the raw data using the 'collate data' import wizard in the single channel mode.
The original QuantArray file could not be imported since the header contained more than 50 rows.
Therefore, the header was removed and gene names and signal intensities of the channel 2 data were
imported (the background correction function is not accessible in this mode). However, since we could
not provide reasonable data for channel 1 (it contained data for an additionally hybridized control target
whose corresponding capture probe represents only a very small part of the probe set), no calculation
results were obtained. In principle, the tool is able to import raw data coming from a single channel but
since it is exclusively made for gene expression analysis, reasonable data coming from two channels

are required to calculate the expression ratios.

2.2.2 Based on the data set from Helmann et al., 2003

The six raw data files provided by Helmann et al., 2003, were initially placed in a separate folder. An
experiment description file had then to be created. It is required by the BRB-ArrayTools to identify

data sets in which the fluorescent dyes have been swapped. An Excel file was set up with the six raw
data file names in the first column and an identifier in the second column. Experiments "without" the

dye swap where identified by '0' and files with the dye swap by 'l".

The 'collate data', 'data import wizard' was then used with channel 1 set to 'green' and channel 2 set to
'red'. The background adjustment was activated. Calculation was done without spot or gene filtering
and the 'Median of entire array' normalization.

The computing time was approximately ~0.1min with a Pentium IV 3GHz and 1GB of RAM using

Excel 2002 (Office XP) with WinXP.

The final results of the calculations are shown in comparison to the results published by Helmann et al.,

2003, in Table 3. The average accuracy was 94.4% +4.4%. The log expression values >=5 and <= -1
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which can occur due to, e.g., signals not significantly above the background in one of the two channels

where manually removed.

Three genes are missing in the comparison: the gene zos4 could not be found in the raw data files and

for the genes yybl and ytpQ no differential expression according to the 3-fold cutoff could be detected.
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Helmann et al. 2003, Tab.1 BRB-ArrayTools
Gene(s) Foldinduction Normalizied log-expression Transformed to foldinduction Average Accuracy [%]
Dye swap Dye swap
[52] < el © ~ © 3] < w0 © ~ ©
] 3 8 3 3 8 3 8 3 3 3 3
& & & & & & & & & & & &
5 & 5| 5 g% 8§ & & % § & &
el £l E| £ El £ £l | E g £ ¢
g g g g g g g g g g g g
comER 9.9 3.81 336 404 347 292 3.01] 1025 1640 11.09 755 805 13.99 11.22 88.2
yybF 9.81 345 335 341 329 313 3.27| 1094 10.18 1066 975 875 9.66 9.99 98.2
mrgA 9.64 333 336 334 316 326 3.31] 10.06 1029 10.11 895 955 9.89 9.81 98.3
ywfM 8.94 3.63 3.51 3.48 3.82 2.96 2.84] 12.36 1140 11.19 14.17 7.80 7.15 10.68 83.7
comEA 8.27 3.01 3.04 29 318 335 3.24] 805 821 7.79  9.05 1017 9.45 8.79 94.1
comGA 3.04 3.25 3.16 3.64 3.42 3.38 8.22 9.52 891 1245 10.73 10.43 10.04
comGB 3.22 2.97 3.00 3.11 3.11 3.83 9.31 7.85 8.03 8.66 8.63 14.18 9.44
comGC 2.90 2.85 2.81 3.34 3.06 3.18 7.46 7.19 7.03 10.13 8.36 9.04 8.20
comGD 3.22 3.28 3.14 3.05 3.06 3.90 9.32 9.69 8.81 8.29 8.35 14.92 9.90
comGE 2.93 2.96 2.90 3.37 3.29 3.61 7.63 7.76 7.44 10.32 9.77 12.21 9.19
comGF 289 302 285 28 280 350 7.41 813 722 722 697 11.33 8.05
comGG 202 203 201 232 218 226| 405 408 4.03 499 454 477 4.41
comG(ABCDEFG) 7.93 + 1.74 8.46 + 1.95 93.7
melA 7.31 2.94 2.91 2.98 3.16 2.94 3.06 7.69 7.53 7.91 8.95 7.67 8.32 8.01 91.2
cwlJ 7.64 3.08 315 294 281 2.77 844 888 768 7.01 6.83 7.77 98.3
gbsA 3.11 4.64 3.07 2.89 2.82 3.32 8.62 24.99 8.40 7.41 7.06 10.01 11.08
gbsB 2.66 2.64 2.61 2.49 2.71 5.00 6.30 6.23 6.12 5.62 6.55 6.16
IEbSAB 7.62 £ 0.52 8.62 + 3.48 88.4
msmR 230 231 236 242 229 229| 493 497 514 534 490 489 5.03
msmE 3.31 332 340 281 281 285| 994 997 10.57  7.01 7.02 719 8.62
amyD 304 295 307 311 298 294| 824 772 837 861 7.91 7.65 8.08
lamyC 333 326 337 283 291 288| 1005 958 10.34 713 749 738 8.66
msmRE amyDC 7.44 + 167 7.60 + 1.73 97.9
PA 2.55 2.63 2.59 2.69 2.65 3.13 5.86 6.18 6.00 6.45 6.26 8.75 6.58
pB 2.91 4.53 2.81 3.16 4.05 7.50 23.16 7.03 1.00 8.96 16.55 10.70
pC 2.75 2.60 2.76 3.05 2.91 3.71 6.74 6.04 6.76 8.30 7.49 13.08 8.07
dppD 2.61 258 246 306 304 311 610 597 549 834 820 866 7.13
dppE 279 273 286 263 254 307| 693 663 727 620 583 840 6.88
dppABCDE 7.04 + 0.81 7.87 + 1.68 89.4
[zosA 5.97 not avalible in the raw data files
appD 2.63 2.59 2.70 2.45 2.38 2.69 6.21 6.02 6.52 5.48 5.21 6.45 5.98
appF 2.46 2.32 2.44 2.51 2.45 2.45 5.51 4.99 5.41 5.70 5.48 5.45 5.42
lappDF 5.53 + 0.34 5.70 + 0.40 97.0
katA 5.34 2.52 2.51 2.54 2.27 2.29 2.47 5.72 5.70 5.81 4.81 4.88 5.55 5.41 98.7
ilvB 303 304 298 263 268 299| 818 825 791 6.17 642  7.96 7.48
ilvC 280 227 270 183 186 212| 695 481 648 368 362 435 4.98
leuB 1056 214 2.11 1.89 202 246 442 432 371 4.04 552 4.40
leuC 206 213 222 232 224 229| 416 437 465 499 473 488 4.63
iivBC leuBC 5.01+ 0.71 5.37 + 1.42 932
ureA 275 255 240 240 246 6.71 586 526 527 551 5.72
ureB 243 230 229 289 215 284| 538 492 490 742 445 7.17 5.71
ureC 188 214 181 189 184 1.76| 368 441 351 370 357 338 3.71
ureABC 4.96 £ 1.4 5.05 + 1.16 98.3
ckD 249 209 229 202 187 385| 560 426 489 4.06 366 1437 6.14
ckE 240 224 234 249 237 236| 528 473 507 563 516 514 5.17
yckDE 4.96 + 0.1 5.65 + 0.69 87.7
yybl 4.92 059 052 050 -020 021 013] 150 144 141 0.87 116  1.09] not expressed
appB 2.08 1.92 2.02 2.26 2.19 2.15 4.24 3.79 4.04 4.79 4.56 4.45 4.31
appC 2.45 2.53 2.40 2.24 2.37 2.89 5.46 5.76 5.29 4.73 5.15 7.43 5.64
lappBC 4.89 £ 0.9 4.98 + 0.94 98.3
yxbC 4.6 2.45 2.28 2.35 2.03 1.96 2.47 5.48 4.87 5.08 4.07 3.89 5.55 4.82 95.4
xbB 228 216 214 230 207 225| 484 447 442 492 419 474 4.60
XbA 222 214 229 185 197 324| 465 442 489 360 393 942 5.15
yxbBA 4.5+ 0.1 4.87 + 0.39 92.3
yufN 4.44 226 240 234 212 192 295 479 527 507 434 378 7.71 5.16 86.0
lyvaW 1.69 1.64 1.71 1.71 1.64 1.01 3.23 3.12 3.27 3.28 3.11 2.01 3.00
yvaY 2.57 2.47 2.60 2.62 2.51 2.54 5.95 5.55 6.08 6.16 5.71 5.82 5.88
yvaWy 4.36 £ 0.2 4.44 + 2.03 98.2
yhdG 4.27 252 174 199 253 214 572 335 398 580 441 4.65 91.8
IsipT 4.25 2.21 190 216  2.31 208 265 463 374 447 496 423 630 4.72 90.0
ygbA 4.18 207 217 2.08 198 195 227 420 449 424 394 386 4.83 4.26 98.1
PSA 167 244 148 1.71 189 191| 318 541 280 328 372 376 3.69
[opsB =110 067 075 106 101 195 159 168 209 202 387 2.25
[ppsC 203 207 212 193 212 323| 409 419 436 381 435 036 5.03
[ppsD 243 110 103 -061 075 225| 539 215 204 070 168 475 2.78
[ppsE 209 218 213 187 182 199| 427 453 437 364 352 398 4.05
ppsABCDE 3.93 + 0.52 3.56 + 1.09 90.6
yuiA 3.9 2.02 2.47 1.97 2.33 1.97 2.36 4.04 5.55 3.93 5.03 3.93 5.13 4.60 84.7
ykvK 170 185  1.65 1.74 167 217| 325 360 313 335 304 451 3.48
ykvL 231 232 233 199 202 217 498 500 501 396 4.05 450 4.58
ykvM 189 194  1.89 1.93 180 199] 371 385 370 381 349 397 3.75
ykvKLM 3.83 + 0.6 3.94 + 0.57 97.2
yheK 3.76 2.03 1.99 2.03 1.90 1.78 1.95 4.09 3.99 4.10 3.74 3.43 3.87 3.87 97.2
yisS 3.67 1.80 1.71 1.82 2.05 1.96 2.07 3.48 3.27 3.54 4.14 3.90 EXEl| 3.75 97.7
ykiB 200 192 187 210 184 274| 401 379 366 428 357 666 4.33
ykfC 169 1568 163 202 191 206| 322 299 310 404 376 416 3.55
ykfD 183 176 1.75 1.80 172 223| 355 340 336 347 330 470 3.63
ykfBCD 3.67 + 0.34 3.84 + 0.43 95.7
ywcE 3.5 1.77 1.63 1.82 2.06 1.82 1.90 3.41 3.10 3.54 4.17 3.54 3.73 3.58 97.7
yoeB 3.29 1.76 1.81 1.83 1.56 1.63 1.81 3.38 3.50 3.56 2.95 3.10 3.51 3.33 98.7
yhdC 3.27 183 180 165 1.74 173 1.71 354 348 315 334 331 3.26 3.35 97.7
bioA 1.78 1.80 1.78 1.72 1.73 1.74 3.44 3.47 3.44 3.29 3.32 3.35 3.39
bioF 1.51 1.45 1.50 2.01 1.91 1.98 2.85 2.73 2.83 4.01 3.76 3.96 3.36
bioD 1.81 1.75 1.83 1.67 1.70 1.76 3.51 3.36 3.55 3.19 3.24 3.39 3.37
bioB 1.52 1.56 1.48 1.94 1.72 1.79 2.87 2.94 2.79 3.84 3.30 3.46 3.20
bioAFDB 3.26 + 0.11 3.33 + 0.09 97.9
rapH 3.21 151 149 158 193 179 189 285 282 299 381 347 370 3.27 98.1
yybG 3.14 1.83 1.86 1.73 1.41 1.56 1.63 3.55 3.63 3.31 2.66 2.96 3.10 3.20 98.1
lopuBB 3.14 1.76 2.06 1.85 1.45 1.53 3.39 4.18 3.60 2.74 2.90 3.36 93.5
ytpQ 3.1 0.02 0.04 0.08 -0.09 -0.10 -0.03 1.01 1.03 1.06 0.94 0.93 0.98] not expressed
gltB 3.07 1.80 1.84 1.78 1.35 1.43 1.63 3.47 3.59 3.43 2.54 2.69 3.09 3.14 97.9
ywfH 3.07 -029 029 046 -0.11 082 082 138 0.92
yqzE 2.88 1.78 1.35 1.57 1.48 1.44 2.10 3.43 2.55 2.96 2.80 2.71 4.28 3.12 92.3

Average 944 + 44

Table 3. Comparison of the original data published by Helmann et al., 2003 (Tab. 1 of the publication)
and the results from the corresponding raw data sets processed with BRB-ArrayTools.
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3 Conclusions

The functionality of MADA could be demonstrated by processing a raw data set published by Peplies
et al. in 2004 and representing a completely defined experiment in the field of organism identification.
The corresponding results, originally obtained by manual data processing, could be reproduced with an

accuracy of 100%.

The functionality and effectiveness of the MADA outlier was demonstrated with a manually modified

raw data set taken from the study of Peplies et al., 2004.

MADA was able to reproduce results from Helmann et al., 2003, with an accuracy of 97.4% +2.4%
which is in the range or even better compared to similar software tools such as MarC-V (93,3% +4.2%)
or BRB-ArrayTools (94.4% +4.4%). The observed variation is presumably based on differences in the

underlying calculation and normalization procedures.

Compared to other Microsoft Excel-based microarray data analysis tools, MADA is able to process raw

data from experiments in both fields of application, identification and gene expression profiling.

The speed of data processing for MADA is in the range of the other tools tested. However, it is planned
to revise the algorithms of the next MADA version to significantly optimize the calculation speed.
Update 02.2007: The performance of MADA 2.0 was optimized. Compared to previous versions of

MADA an up to 8 times faster calculation was achieved on average.

Compared to the other tools tested, MADA allows the import of various data formats using a number of
predefined import filters. Additional formats can easily be imported by setting up specific import filters

using MADA's 'Edit filter' tool.

Compare to the other tools tested, MADA provides a batch modus for the simple parallel processing of

various independent data sets.
Additional general outstanding features of MADA are an intuitive user guidance, high transparency

during data processing, the possibility to recalculate/reprocess data on each level of analysis without

restarting the complete procedure, and the availability of a comprehensive manual.
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