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Due to its high parallelism, microarray analysisquces comprehensive sets of raw data encompassing
various parameters describing the hybridisationltesor a large number of spotted capture probes.
Sophisticated data analysis including various datmn steps is necessary in order to generatebieli

results. Only computer programs are able to hathdiee processes within a reasonable time period.

MADA, just anotheMicro-Array Data Analyser?

Various theoretical approaches as well as spesifitvare tools are available for microarray data
analysis. While some of these tools apply speaifithematic approaches to solve certain problems,
others attempt to cover the full range of knownhods.

An integral aspect of scientific work is render@cesses transparent, so as to unveil their codityle
and to allow for a thorough understanding of hoindh operate. Unfortunately, many tools tend to be
as complex as the problems they address, andti@seoften adopt a black box approach, in which
only results are shown but the calculation stepshatden.

MADA does not encompass new approaches for datalleibn, and also does not apply the full range
of methods currently available. Instead, its mdijective is to make data analysis more transparent
and to provide complete control over each and ewalgulation step.

MADA's intuitive user interface allows common medisaof microarray data analysis to be performed
in a transparent, flexible, and natural mannerxpeeienced users will find easy access to important
microarray data analysis commands, while advansedsiare provided with the flexibility and full-
control they sometimes require. Implemented in bsoft Excel, MADA is part of a powerful and

well-known software environment.

Microsoft Excel, a good choice for programming?

Many computer scientists would never consider ngith program with Microsoft Excel, so why have
we? Most researchers are so familiar with the sariévthat if ever you ask them how they did their
calculations, charts, and graphs, an exceedinghnuoon answer is Excel. It is therefore also prattica
to use Excel's software environment for automaiarearray data analysis. As a positive side effect,
users have direct access to the numerous Excsl thobther clear advantage is the transparency of
calculation provided by the program. Whenever gassMADA will not only calculate a value, but
will provide its underlying formula, so that theeusan trace back the calculation process. Finally,
Excel offers the ability to present data in conciser-defined charts and graphs, some of which are
directly implemented in MADA - and with Excel justmouse-click away, the user is completely free

to adjust them.
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Although concerns cited against Excel are oftea philosophical nature, it does have some
disadvantages as a software programming environriemtever, our focus was clearly on maximising
usability. We have tried our very best to make MAB#stable as possible, but due to the large yariet
of different Excel versions and operating systewsslable, we can not guarantee the complete absence
of bugs. If you do encounter any problems, pleapent them to aellrott@mpi-bremen.de, and we will

attempt to correct them.

Software Validation

The functionality and accuracy of MADA was evaluhsgainst published reference data sets. Detailed
information about the used raw data sets, the padd calculation procedures and the obtained esult
can be found at http://www.megx.net/mada.

Additionally, the validation and the used raw dedés could serve as guidance and reference for an
example Project.

Disclaimer

We have to point out that the use of MADA and @lldomponents, including this manual, is on your
own risk. The authors will not guarantee for therectness of any calculations and are not liable fo

any damages arising from the use of the softwapel. have to accept the 'freeware licences agreement'
if you use MADA. A copy of this agreement can barfd at the end of this manual. The current

version is always supplied together with the cqroesling program.
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Overview

MADA's highly structured design directly reflects approach to data analysis. Such an analysis can

easily be realised by simply following the corresging buttons in the main window in a step-by-step

procedure (Fig. 1). This design not only provideencumbered access, it also allows one to jump back

and restart recalculations at any previous stepréffare, different calculation parameters and/or

methods can be tested in a fast and efficient Waya comprehensive overview compare Fig. 2.

X Microsoft Excel - MADA xls [Read-Only]

”ﬁ File Edit Wew Insert Format Tools Data window Stanford Tools Help Acrobat

Currently open data files

MicroArrayDataAnalyser 2.0

o DATA 1:
Raw DATA 2:
Raw DATA 3:
RAW DATA 4:
RAW DATA 5:

Import Raw Data

Last saved result file

[0 show Excel Toolhars

Help Show system log | Remaove data sheets

4w bl coMMAND

s

=]

Figure 1: MADA's main window
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\
Data Import Import of up to 24 data files (excel or delimited text files).

Each file can hold the information of max. 60,000 spots and 3 different channels.

< >

Data Extraction Extraction of the data of interest from the raw data sets:
e Genename/ID
e Chx spot intensity
« Chx spot background intensity
e Chx spot background standard deviation
e Chx wavelength or fluorophore name (optional)

\ J

< =

.

\

4 . )
Calculation
Local background correction Signal significance test
Chx background corrected spot intensity = Chx spot intensity >
Chx spot intensity — Chx spot background intensity Chx background intensity + t* Chx background StDev
t (default) = 2
Outlier test Tests the remaining replicates for the presence of outliers.
Mean of replicates
Probe signal intensities of the filtered data set are calculated by combination of probe replicates
(arithmetic mean).
Normalization A normalization factor can be calculated based on:
« Mean or median of overall spot signal intensities
* Mean of corresponding replicates
« Mean of selected genes
e Mean or median of overall background signal intensities
Ratio and intensity ratio = log, (A / B) intensity = logio (A * B)
A, B = (normalized) mean of replicates of channel 1, 2 or 3
Normalization Lowess regression on ratio values with selectable smooth factor.
. J
(Plot Chart Visualization of results via predefined charts, such as R-I-plots. )
Save Data Raw data, result data and charts can be saved in a new excel workbook.
A export file can be created combining selected data from different data sets.

Chx: Ch l1t03 d]: Ch in MADA 2.0
X annet 2 1o [red] anges in Figure 2: General scheme of MADA

-8-
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1 Import Raw Data

This chapter explains how to import microarray @ata into MADA.

Since MADA is not an image analysis software yon B®T import images of scanned microarrays.
Initial image analysis for quantification of spetdabackground intensities has to be done by externa

programs. Mostly, they are included in the micragrscanner software.

Starting point of data analysis using MADA is a rdata file in which each spot is described by a set
of parameters. This can be an Excel worksheetdalimited text file as long as the data are arrdnge
in a columnar list in which each line represensingle spot of the array.

Most microarray image analysis software tools pitewa large variety of spot-describing parameters
but for common data analysis as implemented in MAD@sically only 4 different parameters are of

interest.

Make sure that the raw data file contains the faithg information:

 Gene name

e Chx spot intensity

e Chx spot background intensity

e Chx spot background standard deviation

Chx: Channel 1to 3

For better overview, a fluorophore name or wavetlestpould be assigned to each of the scanner

channels represented in the data file.

Bl RawDataFile_txt - Notepad [_ (O] x|
File Edt Search Help

BEGIN IMAGE INFD ;I
ImageID Channel Fluorophore

-1 CH1 Alexa S46

-1 CH2 Alexa 647

EHD IMAGE INFO

BEGIM DATA

1D Hame Ch1 Hedian Ch1 Hean Ch1 SD Ch1 B Median Ch1 B Hean

1 gen2627/172 6346 6693 756,96 3867 162

2 gen2627 /172 6425 6694 645 .5 48086 u207

3 gen2627/172 6182 6457 536,11 3964 W7y

4 gen2627/172 6283 6513 768,73 4816 4327

5 gen2627 /172 6458 6729 ¥az.5 4834 4347

6 gen2627 /688 67608 7ozy 7LO.B7 3769 4837

7 gen2627 /688 3914 4156 352.2 36082 LO78

8 gen2627 /688 3944 w171 998,75 3559 3922

9 gen2627 /688 3658 3949 156, 85 3640 3844

18 gen2627 /688 3616 3921 123.61 3882 4223 -
KN IR |

Figure 3: Organization of a typical raw data file
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Note: Excel can misinterpret identifiers, e.g., the geame DEC-1 is interpreted as date and
automatically changed to 1-Dec during import [Zeglet al. 2004].

Procedure of data import

a) Press the 'Import Raw Data' button in the main wmadnd a window called 'Select files for import'

will open.

b) Define your working directory by typing in the p&this can also be done in the MADA main
window) or select it via the 'BROWSE' button. Therking directory is the standard folder from which

raw data files are imported and results are staftenl data processing.

M ichArrayDataAnalyser

Raw DATA 1: CdatalScanArray0250,csy
Currently open data files | Raw Data 2:

R DATA 3:

RAW DATA 4:

RAW DATA 5:

Import Raw Data

Select files for Import

Direckory

I Cihdata

| o= erowse I

. Folder Irpc Browse for Folder
I File bype: | * AL d Ry Select working dirsctory
| R{
RawDataFile. b=t =1}
Scanfrray0250.csy i E‘ﬁ Deskiop -
Scanfrray1000.csv R El My Camnputer
Scanfrray 10000, csy Ri w42 3% Floppy [4)
Test.csv 2 Ri 2= Applications [C:]
Last Y £
Ri
Rt 1 database
Ri #+0 freecads
R# 1 kpoms
N —— 20 My Music
A I 3 I I
fock and Ie Files F -2 Packard
Check and correct non xls Files For 4
P Fil
Ll st v compatibility according to the used g g P:zg::zmss
list separator and decimal symbal :
L e B L LT Parucler =

oK I Cancel |

Figure 4: Definition/selection of the working directory

-10 -
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c) Files within the working directory are listed oretleft according to the file type chosen. Seleet th
raw data files of interest and transfer them toritplat box via the transfer button. By using th&*U
'DOWN', 'DEL' or 'CLEAR' functions the files canségned to one of MADA's twenty-four 'RAW
DATA' sheets. 'START' the data import.

Note: 'RAW DATA' sheets already in use are shown in'Gherently open data files' list of the MADA
main window. If a new file is assigned to a 'RAW D& worksheet which is already in use, it will be

overwritten.

RAW DATA currenyin:Us@a:s1yse:

| RawW DATA 1 Cidata\Scanirray02s0.csy
| Currently open data files | raw Data 2:
RAMW DATA 3t

RAW DATA 4:
R DATA 5t

Import Raw Data

Select files for Import
Direckory
| Ci\data > BROWSE |
I Folder Import as .., Files selected For Import I
Filetype: | * AL = RAW DATA 1 (1M USE)
I J RAW DATA 2 Scandrray 1000, csy Up |
RawDataFils.bxk RAW DATA 3 L Scandrray 10000, Csy I
Ry DATA 4
R&W DATA S DEL |
AW LA & B
- RAW DATA 7
L: R DATA 5 CLEAR. |
4 RaW DATA S
RaW DATA 10
RaW DATA 11 o DO |
JAOBTA 12
clect , framsitr .
LS ANSfEls rrange & assigmn
O Check and correct non xls files for J
¥ compatibilicy according to the used Cancel Skt
list separator and decimal symbal

Figure 5: Selection, transfer and assignment of raw data files

Note: Sometimes, Excel can not correctly interpret dathin delimited files because the list delimiter
and the decimal separator do not correspond tpréngets of the operating system. In this case itnpor
or calculation can fail since, e.g., the German Ipeind,5 is written 1.5 on a US system.

MADA has a build in option to check the compattyilof non xls files during the ‘transfer' stepthié

option 'Check and correct non xIs files ..." ies&dd. If any incompatibility is found MADA will ge a

message and asks the user which action { Gy ——

f - MADA identified a <,> as decimal point symbol at the file to import, but Excel expects a
take. We recommend the '>> Convert file < be the decimal point syrball g g

before import' —option, which will
aUtO matica”y Create a new Compatible flle 23“[&%“282‘1?3}5 correct the problem automaticaly (recommendsd). MADA wil
copy indicated by the word CONVERTED

create a converted copy of the file and loads this instead of the original one. The =2 Convert file before import
as prefix of the filename. This file will be

modfied copy will get the |abel CONVERTED as a prefix of the Filename.

problems, .., separation of data columns might not work or numbers are mported

and interpreted as string which might |eads to wrang calculations later on.

b Impart the file as it is without any modifications, This will most probably result in
Import file 'as-is' |

<) Abort the file import For a manual change of the operating systems regional
settings {and maybe also Excels international settings) according ko the list |

Used fOI’ | mpo I’t afte rW&rdS an d |S StO red at separator and decimal symbol used at your files, afterwards try to import again. Abort import of this file

Show details

the same location like the original file. The - —
o o Figure 6: File compatibility check
original file will stay untouched.

For further information please refer to theubleshootingection.

-11 -
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d) In case of importing data from Excel files encosgiag Ll
. The Workbook you want to Impart contains more then
more then one worksheet, you will be asked to séhec D el (s ol e W e
appropriate raw data sheet.
. , , i O Sheetz
Make your selection and press 'OK' to continue. QO Sheet3

Figure 7: Selection of working sheet

e) The progress bar will

dISp|ay the current status Import done, it is recommended ko examine vour imported data to see if it was done right!

of the data import. I

A message is shown Figure 8: Progress of data import

when the import is done.
Afterwards, the program will automatically switchdk to the main window of MADA.

Note: Always check the 'RAW DATA' worksheets for cormeess. If the data does not look like as you

have expected, refer to thieoubleshootingection.

-12 -
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2 Extract Data

This chapter explains how to use the 'Extract Cfatection. It is extracting the parameters desogta

spot (listed in the 'Import Raw Data' section Geame, Chx spot intensity, etc.) from the
'RAW DATA' worksheets and writes them to the copmwding 'RESULT DATA' worksheets for

further calculation and analysis.

The 'Extract Data' button within the main windowhMADA will open the corresponding dialog

window.

Currently open data files

RAW DATA 2
RAW DATA 5
RAW DATA 4.
RAW DATA 5

Last saved result file

il

[ show Excel Toolbars

Extract Data

M ichArrayDataAnalyser

— Datato extact

OO00000000EEE

Select all |
Channels to use
’7|7 Channel 1
— Extraction filker
O GenePix 'Mean'-values
GenePix Median-values

Quantarray Yalues

o]
o]
[OF Scandrray MEAN'-Yalues
o]

Deselect al

™ channel 3

¥ Channel 2

ScanArray MEDLAN'-Values

Edit filter |

[~ Sort data after extraction

™ Do consecutive grouping of replicates via names

If replicates are MOT consecutively grouped in the dataset,
MADA will handle them as single spots and not as replicates,

Cancel START

Irport Raw Data
‘ Extract Data .

|
Plot Chart

Rermove data sheets

log |

Figure 9: Main dialog window of the 'Extract Data' function

-13 -
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Extract Data

a) Select the 'RAW DATA' worksheets from which

the data should be extracted.

b) Select the channels (fluorophores) of interest.
Note: Of course, at least one channel is required for
data analysis. Therefore, you can not deseledirgte
one. If you select multiple channels, make suré tha
they are present in the 'RAW DATA' worksheets.

¢) Chose an extraction filter that corresponds to the
structure of your raw data sets. The extractidarfils
like a map that guides MADA to the locations in the
data sets where the information of interest aratkxt
If there is no extraction filter fitting to your t&a you
must create an own one as described in the section

'‘Extraction filter'.

d) If probes are spotted in replicates on your

microarray, all of these replicates must be named

O
O
O
O
D _—
O
O
O
O

Select all | Deselect all |
— Channels ta use
¥ cChannel 1 v Ch " channel 3

— Extraction filker

GenePix Mean'-values
GenePix Median'-values

Cuantirray Yalues

0®@0O00

Scandrray MEDIAN-Yalues

Edit filker |

— Sort data after extraction

™ Do consecutive grouping of rﬂ'cates ¥ia names

If replicates are NOT consec grouped in the dataset,
MADA will handle them as single spots and not as replicates,

Cancel | START

identically and consecutively grouped in the dd&a f
If the replicates are spreading within the data set
mark the box 'Do consecutive grouping of replicatas
names' to avoid replicates of being handled adesing
spots during later calculations.

Note: Because the 'fast' sort method of Excel is used,
consecutive grouping will always lead to an

alphabetical order of the probe names in the dsdta s

Press 'START' to begin the extraction procedure. A

progress bar will inform you about the currentistat

Figure 10: Example for settings
of the 'Extract Data' function

Begin Data

Mumber Row Colurnn Marne chl Intensity ch1 Background chi
1 1 1 19723.32617 ]
2 1 2B 30836.73435 1]
3 1 3 28522 06055 1]
4 1 4 18412.08203 1]
5 1 5B 31124 67383 0
G 1 ] 26109.67383 a
7 1 7 16774.34766 1]
g 1 BB 32776.30664 1]
g 1 ] 27586.77539 1]

In case of errors, first check if the correct estiean

filter was selected and make sure that the selected

No consecutive distribution
probe replicates on the microarray
and within the data file.

channels exist. Further information can be founthe

‘troubleshooting' section of this manual.

Begin Data

MNumber | Row Column Mame chil Intensity chl Background chl
1 1 1 19723.32617 a
4 1 4 18412.08203 1]
7 1 7 1677434766 1]
2 1 2B 30836.73438 1]
=3 1 5B 31124 67383 1]
8 1 8B 32776.30664 0
3 1 3 2852206055 0
5 1 G 26109.67383 ]
9 1 a 27586.77539 a

Consecutive grouping of probe replicat
in the data file as required for calculatig

n.

Figure

11: Consecutive grouping of replicates

-14 -
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2.1 Extraction filter

One of the main ideas of MADA is to allow the hangdlof as many different data file types as
possible, regardless which software or scannermsed for producing the data. They only have to be
stored in a columnar list in which each line isremggnting a single spot of the array and each aoism
holding the corresponding values of a particulaapeter, such as signal intensity, background
intensity, etc.. The extraction filter provides théormation where the data required for furthealgsis
are located in the list.

For some types of data files, an extraction fikeslready implemented into MADA and we would like
to include more of them in the future. Thereforay yare welcome to give us some feedback about the

software and the type of files you are using.

However, a missing extraction filter for your typedata does NOT mean that MADA is unable to

handle your data! This chapter explains how taupetustom-made extraction filters.

The location of a data subset, which corresporaddimgle parameter (column), can be defined via fou

identifiers: Data block start, data block end, datlumn at block and lines of data column to use.

Bl RawDataFile2.txt - Motepad M=l 3
Fle Edit Search Help
BEGIN HEADER
CSUFileFormat
ExampleFile
Humber_of_Columns
END HEADER

-

(=

BEGIN IMAGE INFO
ImageID Channel Fluorophore
-1 CH1 Alexa 546

Datta bloel¢'start tdéntitier
fra vera o e Dtta,. cOlUmMN 8t Bloek ... o e

1 gen2627 /172 6346 693 756.96 3BGT 62

2 gen2627 /172 6425 (694 645.5 40806 4207
Dafablock [ e o Liges efdata cefumn to;lise

3
y
5 gen2627 /688 3914
"
E

S-n2h27/688 94y ¥171 990,75 3559 3922
|[END DATA =

Darta block endidentiite o

Figure 12: ldentifiers for data extraction

While creating an extraction filter, instructionsish be defined for every spot-describing paranmafter
interest using these identifiers. To create or adiéxtraction filter press the 'Edit filter' buttm the
'Extract data' dialog window.

-15 -
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Define Extraction Filter [ ]

— Mame of Filter

I ScanArray MEDIAN'-Values

Mew Filker
— Reguesk user input during runtime
Prompt Far ... Prompted text s Eil
ave Filker
I wariable $1%
™ wariabls $24
Cancel
™ Wariable $34

Mote: The wariables can be used as placeholder in the Filter definition!

— Filter Definition

Data block start Data block end Data column at black Lines of data calumn to use
AFTER_LABEL=EGIN DATA = || BEFORE_LABEL=END DATA = || HEADER=Ch1 Median = au_oF mock =l
GENE Names; AFTER_LABEL=BEGIM DATA BEFORE_LABEL=EMD DATA HEADER=Name ALL_OF_BLOCK
Ch1 Fluorophore: AFTER. LABEL=BEGIM IMAGE I [ BEFORE_LABEL=END IMAGE IN | HEADER=Fluorophore LINE(S)=1

i Chl Spot Inkensity: BEFORE _LABEL=END DATA

Ch1 Spot Background: LIKE_PREVIOUS LIKE_PREVIOUS HEADER=Ch1 B Median LIKE_PREVIOUS
Chl Spot Backa, StDev: LIKE_PREVIOUS LIKE_PRE¥IOUS HEADER=Ch1 B 5D LIKE_PRE¥IOUS
Chz Fluorophaore: AFTER _LABEL=EEGIM IMAGE It [ BEFORE_LABEL=END IMAGE IN | HEADER=Fluorophore LINE(S}=2

ChZ Spot Intensity: AFTER_LABEL=EBEGIM DATA BEFORE_LABEL=END DATA HEADER=ChZ Median ALL_OF_BLOCK
Ch2 Spot Background: LIKE_PREVIOUS LIKE_PREVIOUS HEADER=ChZ B Median LIKE_PREVIOUS
Chz Spot Backa, StDev: LIKE_PREVIOUS LIKE_PRE¥IOUS HEADER=ChZ B 50 LIKE_PRE¥IOUS
Ch3 Fluorophaore: AFTER _LABEL=EEGIM IMAGE It [ BEFORE_LABEL=END IMAGE IN | HEADER=Fluorophore LINE(S}=3

Ch3 Spot Intensity: AFTER_LABEL=EBEGIM DATA BEFORE_LABEL=END DATA HEADER=Ch3 Median ALL_OF_BLOCK
Ch3 Spot Background: LIKE_PREVIOUS LIKE_PREVIOUS HEADER=Ch3 B Median LIKE_PREVIOUS
Ch3 Spot Backg, StDev: LIKE_PREVIOUS LIKE_PREYIOUS HEADER=Ch3 B 50 LIKE_PRE¥IOUS

Figure 13: Setting up an extraction filter

The extraction filter currently marked will be digped and can now be edited. To use it as a teeplat
for a new filter, change the 'Name of Filter' befsaving. If you prefer to start with a blank foteyu
press 'New Filter'. 'Save Filter' will save youttisgs under the name listed in the MADA folderngsi
the file extensionmef(mada extraction filter). Like all mef-files wittithis folder, it is directly

available within the filter selection list in tHextract Data' dialog window.

2.1.1 Commands available for setting up an extracti  on filter

Data block start
e AFTER_LABEL={label} : The data block starts afteretttabel indicated.

e« AT_LABEL={label} : The data block starts directly #te label indicated. Can be used if

there is no separate block start label.

 AT_ROW={number} : The data block starts at the Imember indicated. Should only be
used if the data starts always at the same poditithe file. Fastest

method because there is no need to search foeh lab

* LIKE_PREVIOUS : Block start is identical with the @defined for the previous
parameter. This is just to increase the speedeoéxitraction

because it is faster than searching again for dasifabel.
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A block start must always be defined, except foofbphores. Their names are often located withen th

data files' general header information and notiget! in the particular blocks.

Data block end
« BEFORE_LABEL={label}: The data block ends before thbel indicated.

e« AT_ROW={number} : The data block ends at the linentner indicated. Should only be
used if the data block location (starting row) amel number of
rows is not varying between different raw datasfilalternatively
the LINE(S) setting within the 'lines of data coluto use' option

can be used.
* LIKE_PREVIOUS : Block end is identical with the odefined in the previous line.

A block end must not be necessarily defined. tiriky required if you want to use the
ALL_OF_BLOCK setting within the 'lines of data cahlm to use' option.

Data column at block
» HEADER={label} : The data column can be identifieid the label indicated.

* AT_COL={number} : The data column can be identifigd the number indicated. For
different raw data files, assure that the particdita subsets are
located within the same columiKote: This command is the only

way to extract data columns without any headerllabe

A data column must always be defined, except foyrhphores (see above).

Line of data column to use
e ALL _OF BLOCK : Use all data lines of the data block.

e ALL _COUNTED : Determine the number of data linesdmyinting them. To use if it
was not possible to define a data block. The lim#ide counted
starting at the defined block start until the ocence of an empty
cell. An empty cell at the end of the data colusinéeded, but
there should be no empty cell in between the daitanm.
Wherever possible, use the faster and securer AELBDOCK

statement.

e LIKE_PREVIOUS : Use the same number of data lineim dlse in previous one.
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e LINE(S)={number} : Use the number of data lines iratied or for fluorophores use the

data line indicated, respectively.

*  NONE={text} : The line (cell) is not extracted frothe file, but set to the text
indicated. This can be used to assign a fluoropharee, which is

not available in the raw data.

« NONE : The column will not be extracted. Should kediif the parameter
is not of interest. For example, if there are nluea for a third
channel.

There must be a definition for 'line of data colutoruse' in any case.

Variables

Up to three variables can be used as placeholdgrompt during runtime will ask the user to define
the values required before starting the extractmiect the variables to use and type the meseage t
prompt in the list box. In the extraction filterfahtion use the placeholder $1$, $2$ or $3$. During
runtime this placeholders will be replaced by thprapriate user input.

In Example 3, the use of variables is shown.
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Meth

21.2 Example 1

The easiest way to set up an extraction filteo idefine the data subsets of interest by their
‘coordinates’ in terms of rows and columns withia taw data file. This is shown in the example Welo
(definition of the data column start position ahtee methods for the definition of the data coliend
position - by typing in directly the number of déitees via the LINE(S) tag, by defining the end roiv
a data column, and by counting the data lines).

Note: In this case it is a prerequisite that the lamagiof the data subsets of interest within thesdffit
data files are not changing (they must be locatéfikad' locations) and, except for method 3, itsh

be assured the data files have always the samthleng

A B | c | D E | F | G H | | | J
o Channel 1 Channel 2 Channel 3
2 |MName Spot Intensity |Backgr. Intensity|Backgr. StDev |Spot Intensity |Backgr. Intensity |Backgr. StDev|Spot Intensity|Backgr. Intensity [Backgr. StDev
.3 |0en2BZ27 /172 6346 386 20 66| 3655 24 9,12 3555 )l 713
A |oenZB2/ 172 B425 400 202 3654 24 946 3620 30 9.1
L8 |gen2B27 172 6182 396 201 3625 22 973 3562 29 623
B |gen2B27 /172 B253 401 2N 3730 22 1025 3645 27 11,15
T |qen2e27 172 6450 403 21,14 3604 24 902 3452 26 702
.8 |genZb2/ 50 6760 376 20 .25 3576 29 945 3526 27 946
9 |gen2627/600 3914 360 20 54 3629 H G833 a4 H 823
10| gen2B27 688 3944 355 158,79 3/M 35 §53 3463 19 4587
1 | gen2627 /558 3658 364 17 99 3352 15 8,21 3319 25 7 26
12 | gen2b27 /B85 3616 385 20 42 3543 26 4,1 3474 23 9,14
Figure 14: Data file organization
Define Extraction Filter
— Name of Filter
I Test
e Filker
— Request user input during runtime
Prompt: For ... Prompted text
Save Filter
I™ variable 1%
™ variable $24
™ variable $3%
Mote: The wariables can be used as placeholder in the Filker definition!
— Filter Definition
Data block skart Data block end Data column at black Lines of data calumn bo use
od = = = I~
Gene names: AT_ROW=2 AT_COL=1 LINE(S)=10
Chl Fluorophore: NOME=Cy3
1 Chi Spok Inkensity: AT_ROW=2 AT_COL=2 LINE(S)=10
Chl spot Background: LIKE_PREVIOUS AT_COL=3 LIKE_PREVIOUS
Chl Spat Backg, StDewv: LIKE_PREVIOUS AT_COL=4 LIKE_PREVIOUS
Ch2 Fluorophore: NOMNE=CYS
2 Ch2 Spot Inkensity: AT_ROW=2 AT_ROW=12 AT_COL=5 ALL_OF_ELOCK
Chz spot Background: LIKE_PREVIOUS LIKE_PREVICLS AT_COL=8 LIKE_PREVIOUS
Ch2 Spat Backg, StDewv: LIKE_PREVIOUS LIKE_PREVIOLS AT_COL=7 LIKE_PREVIOUS
Ch3 Fluorophore: NOMNE=Alexa
3 Ch3 Spot Inkensity: AT_ROW=2 AT_COL=8 ALL_COUNTED
Ch3 spot Background: LIKE_PREVIOUS AT_COL=93 LIKE_PREVIOUS
Ch3 Spot Backg, StDewv: LIKE_PREVIOUS AT_COL=10 LIKE_PREVIOUS

Figure 15: Three extraction filter methods for a data file with
'fixed' positions for the data subsets of interest
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2.1.3 Example 2, Filter for ScanArray file

Data files produced by the PerkinElmer ScanArréiware are containing several 'blocks' such as a
header block, an image info block and the datakblBach block is beginning with a block start tag

and terminated by a block end tag. The number t@f litzes in a block can differ depending on the
method applied during former image analysis, thalmer of channels available, or the humber of spots
analysed. Also the order and number of data columasblock can differ depending on the settings in
the image analyses software. In the following eXenfipr an extraction filter, the block start tagused

to find the first data line and the block end tagalculate the number of data lines. The columes a

identified via their headers.

A | B | D = -
BEGIN HEADER
PerkinElmer Inc.
ScanArrayCs) 2
ScanArray Ex 2
Mumber_of Ci B2
END HEADER
1

BEGIN GEMERAL INFO
DateTime 04.02.2004 16:29
GalFile
Scanner
User Marne

EElEEEEEEEE

Model: Express

(]

55 BEGIN IMAGE INFO

(L,

86 |ImagelD Channel Image Fluorophore Barcode Units Y Units £ Offset |Y Offe Status

57 | -1/CH1 Duhclhiri Alexa 546 prm 10 ul 0| Control Irmage

58| -1CH2 Dihchiri Alexa 647 pm 10 0 0

59 |END IMAGE INFO

BOD

E1 BEGIN DATA

(B2 |Index Narne 0] ki Al Dicmeter B Pixels Footprint Flags Ch1 Median Ch1 Mean Ch1 5D Ch1 B Median Ch1 B Mean Ch1 B 50
&3 | 1 gen2B27A172 6571 13267 274 800 12 1 5346 BE93 756,56 3867 4162 2043 B6
B4 2 gen2627172 9091 13276 20 240 21 1 B425 BE34 545 5 4008 4207 20002
85| 3 gen2B27172 9581 13272 240 240 13 1 6152 B457 536,11 3964 4177 20701
BB | 4 gen2627/172 10063 13277 400 364 5] 1 6283 6513 768,73 4016 4327 227611
B7 | 5 gen2B27A172 10553 13287 400 3654 17 1 B450 B7293725 4034 4347 2117 15
E8 | B gen2B27/658 11043 13277 400 364 2 1 B7E0 7024 7L9 57 3769 4037 203225
g 7 gen2627/658 11553 13287 400 bt 17 1 3914 4156 352 2 3602 4078 2035 54
o | 9 gen2B27/658 12043 12087 400 364 27 1 3544 4171 /990,75 3559 3522 1886,79
| 9 gen2627/688 12843 13277 400 364 26 1 3658 3949 156,05 3640 35844 1747 99
a2 10 gen2B27/4655 13068 13282 260 240 2 3 3616 32112361 3882 4223 2069 42
3

Figure 17: ScanArray file structure
\ _\ N _\ | K

e Filke,

[‘ efine Extraction Filter

|— Mame of Filker

AN

I Scandrray MEAN'-Values \

AN

— Requazst user input during runtime

Promgk For ... Prompted text — |
I™ variabiz 1% \
™ variable $24 \ I
Cancel
™ variable $3% 4|

Maote: The wariables can be used as placeholder in the Filker definition!

— Filter Definition

AN

Date column at black

Li es of data column bo ue

Data block skart

Data block enk

| _Laei=cEcIn macE mFo ||

HEADSR=Flucrophare

DI |

| L=t

in

GEMe NAmes:

Ch1 Spot Intensity:
Chl Spot Background:
Ch1 Spot Backg. StDev:

AFTER,_LABEL=EEGIM DATA

AFTER._LABEL=|

AFTER_LABEL=EEGIM DATA

LIKE_PREVIOUS
LIKE_PREVIOUS

GINM IMAGE 11

BEFORE _LABEL=END DATA .

BEFORE_LABEL=END DATA

LIKE_PRE¥IOUS
LIKE_PREVIOUS

HEADER:- -Narne

HEADE™<=Ch1 Mean
HEADF R=Ch1 B Mean

HEADE=Ch1 B 5D

Ch2 Fluorophore: | AFTER_LABEL=BEGIMN IMAGE I =Fluorophaore
Ch2 Spat Inkensity: AFTER_LABEL=BEGIM DATA BEFORE_LABEL=EMD DATA 'zR=Ch2 Mean
Chz spot Background: LIKE_PREVIOUS LIKE_PREVICLS

Ch2 Spat Backg, StDewv: LIKE_PREVIOUS LIKE_PREVIOLS

Ch3 Fluorophore: AFTER_LABEL=BEGIM IMAGE I =Fluorophore
Ch3 Spat Inkensity: AFTER_LABEL=BEGIM DATA BEFORE_LABEL=EMD DATA HEADER=Ch3 Mean
Ch3 spot Background: LIKE_PREVIOUS LIKE_PREVICLS HEADER=Ch3 B Mean

Ch3 Spot Backg. StDev:

LIKE_PREVIOUS

LIKE_PRE¥IOUS

HEADER=Ch3 B 5D

1 ALL OF BLOCK

LIKE_PREVIOUS
LIKE_PREVICUS
LINE(S)=2

ALL_OF _BLOCK
LIKE_PREVIOUS
LIKE_PREVICUS
LINE(S)=3

ALL_OF _BLOCK
LIKE_PREVIOUS
LIKE_PREVICUS

M‘
ALL_OF _BLOCK

Figure 16: Extraction filter for ScanArray files
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214 Example 3, Filter for GenePix file

The GenePix software of Axon Instruments creatés filas, which have first some lines of header
information and starting after that directly wittetdata. Because the number of header lines diffiers
the software version and block identifiers areus#d, the extraction strategy is to use the heafdae
first column to find the block start and count hmany data lines are available. The columns are
identified via the header, but because GenePigirgguhe wavelength as part of the headers, vasabl
are used to prompt the user for the wavelengtls karirently using to determine between the differen
channels. The prompted variables give the flexibtth use this filter for every GenePix file no et

which flourophores are currently used.

Al B || 0o | E IF | & | H/ [ e - I S e v i | o | R
ATF ! 1
29 a6
Type=GenePix Results 3
DateTime=2000/0110 11:23:57
Settings=D\Axon\Paramsiyeast]. gps
GalFile=C\AxonDewGraphics\GenePix\ParamsiY east1.gal
PixelSize=10

-1|m|m|h|m|m|_;

24 Cinestmerae,

28 |Comment=

(26 |PMTGain=5260525
27 |ScanPower=1000100
28 |LaserPower=0.6401.89

29 |Filters=0

30 |ScanReqion=213 2645 2141 4254

31 Eanpies

jﬂB\ock Calbrmn Row Mame D S Y Dia. FB35 Median FE35 Mean FB35 530 | FE35 GV |BE3S B635 Median BE35 Mean BE35 SD
39 ¢ 1 1TFC3 TALDDTC 2910 261400 100 138 450 524 183 ] 0 1 2
34 | 2 1YALDISC YAO18C 3080 26140 70 53 134 179 133 ] 0 4 20
55| 1 3 1TFUNIZ  YALCI4C 3270 26140 90 261 724 a71 120 1] 0 1 4
36| 1 4 1SPC72  YALO4'C 3440 26130 120 240 461 476 103 1] 0 1 2
vl 1 5 1 YALDBSC YALOBSC 3810 26120 110 578 978 503 51 ] 0 2 3
36| 1 6 1 CDC1A  YAROMSC 357800 26130 100 87 280 401 143 1] 0 2 3
=N 1 v 1EFB1 YALOD3YY 33500 26130 120 14877 11368 5421 47 1] 0 2 3
40| 1 B, 1ATS1 YALO0C 41200 261200 110 1208 1121 271 24 ] 0 2 4
| 1 9\ 1 YALD3ISC, YALDISC-, 42500 26120 120 351 309 121 39 ] 0 1 3
42 | 1 100 \1YALD4IC YALO4EC 4470 201200 120 47596 4134 1607 38 1] 0 1 2
43| 1 11 U YALDBEW YALOBEYY 48300 26110, 120 319 285 108 37 1] 0 2 3
4| 1 120 I\YARD23C YARO23C 4810 26100 120 442 404 131 32 ] 0 2 3

Figure 19: GenePix file structure

— Mame of Filter
Mew Filker
— Reguest user input during runtime —
Prompt Far ... Prompted text
Save Filker

[V Yatiable 1% ‘Wavelength of Flurophore at channel 1:

I GenePix Mean'-values

¥ variable $24 ‘Wavelength of floukophore at channel 2:

¥ variable $34 ‘wavelength of Flourojhore at channel 3:

Mote: The variables can be used as placeholder,in the Filter definition!

— Filter Definition

Data block start Data block end Data column at vlock Lines of dava calumn o use
=l =l =l |
GEME NAMEs! AT_LABEL=Block. HEADER=Name i ALL COUNTED
Ch1 Fluaraphare: T NONEm
Chl Spot Intensity: AT_LABEL=Block. HEADER=F$1% Mean | ALL_COUMTED
Ch1 Spat Background: LIKE_PREVIOUS HEADER=EB4$1% Mean | LIKE_PREVIOUS
Chl spot Backg, StDev: LIKE_PREVIOUS HEADER=B‘$315 D LIKE_PREVIOUS
h2 Fluaraphare: NOME=$24 nm
Ch2 Spot Intensity: AT_LABEL=Block. HEADER=F%$2% Mean ALL_ COUMTED
Ch2 Spot Background: LIKE_PREVIOUS HEADER=E4$24 Mean LIKE_PREVIOUS
Chz spot Backg, StDewv: LIKE_PREVIOUS HEADER=EB%$2% 5D LIKE_PREVIOUS
Ch3 Fluarophare: NOME=$3% nm
Ch3 Spot Intensity: AT_LABEL=Block. HEADER=F%$3% Mean ALL_COUMTED
Ch3 Spat Background: LIKE_PREVIOUS HEADER=E4$34 Mean LIKE_PREVIOUS
Ch3 spot Backg, StDev: LIKE_PREVIOUS HEADER=E%$3% 5D LIKE_PREVIOUS

Figure 18: (Exemplary) Extraction filter for GenePix files
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3 Calculate

This chapter guides you through the mathematicdlstatistical data processing procedure offered by

MADA and gives you an overview on the methods aldd.

Data analysis in MADA encompasses the followingeats
« 'Local background correction' for each spot.
< 'Signal significance test' for each spot.
e 'Outlier test' to identify outliers within probeplecates.
e Calculation of 'Mean of replicates' and data noisasibn.
e Calculation of 'Ratio & Intensity' including lowesarve smooth normalisation option for

further analysis.

a) Pressing 'Calculate’ in the MADA main window vdfpen the 'Select data for calculation' window.
Select the worksheets to calculate. If more thenwarksheet is selected, it can be chosen betvieen t
modes 'Calculate all selected sheets the sameowalsk at every sheet for calculation steps to do'

Press 'NEXT' to continue.

Microd rrayDa taAnal y=er

RAW DATA 1: CiidatalScandrr = -

R Daa s )
REW DATA 3¢ Select data for calculation [ x|

RAW DATA 4:

Currently open data files

Import Raw Data

Extract Data

OO0000000008E

Plat Chart

] NN
LaSt SaVEd reSUlt ﬁle Ca|CU|atiDn MDdE

@ Calculate all selected sheets the same way

" Ask at every sheet For calculation steps ta do

!

O show Excel Toolbars Remaove data sheets |

Caneel

Figure 20: Selection of the data sets to process
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b) In the 'Select calculation steps' window the wiankfof MADA's data processing is visualised and

settings can be adjusted.
«  Set the 'Minimum number of replicates that musagsigned as signal'.
It is recommended to use: (number of replicatést 2
e Select a normalisation approach (optionally).

e Set the channels to calculate 'Ratio & Intensdgly if more than one channel is available).

Select calculation steps for AlLL selected ‘RESULT DATA' sheets

Extracted data at: ALL selected 'RESULT DATA' sheets .
Advanced options

Local background correction 'Is Signal #* - Signal significance test

Background Corrected Spot Intensity = Spot Intensity > Background Intensity + 2 * Background StDey
Spot Intensity - Spot Background Intensity

I*I

Test all significant background corrected replicates For Qutliet's

‘Outlier’ test

Mean of background corrected replicates {where signal is significant and no outlier)
Minimum nurnber of replicates that must be assigned as signal I 2 ﬂ

=i Mormalization

Basis MMethod
€ Channel 1 (CH1) ' Mean of overall signal intensity
 Channel 2 (CHZ) ~ Median of overal signal intensity

% Mean of corresponding replicates
" Mean of 'selected’ genes (named with '#%
{ Normalize at own Channels 7 Mean of of overall background signal

" Median of overall background signal

Ratio & intensity

ratio =log2 {resultof CH_A [ result of CH_E) cH Al CHL = cHE: | cH2 =
inkensity =log 10 result of CH_A * resul; of CH_E) - I J - I J

[T Mormalization: Do lowess regression ko normalize ratios smockh level g: I 0.5 i’

Figure 21: Select calculation steps

The button 'Advanced options' enables access te detailed settings.

Settings of the significance and outlier test carclhanged and calculation methods can be ignored or

whole calculation steps can be disabled.

Note: There is a clear difference between ignoring autation method and disabling the calculation
step!
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< Ignoring a calculation method means that only alefieed output value is created to prevent
errors during further calculation steps.

« Disabling a calculation method means that thermisorresponding calculation at all. However, it
is quite likely that the following calculation stépreporting an error because of missing values. A
step should only be disabled, if the value is remded for further calculation or if it was already

calculated, previously. It is an option for spegdiip recalculations or to prevent overwriting of
manually modified results.

Select calculation steps for ALL zelected "RESULT DATA' sheets

Extracted data at: ALL selected "RESULT DATA' sheets
Advanced options

I Local background correction 'Is Signal #' - Signal significance test

= Background Corrected Spot Intensity = ¥ Spaot Intensity > Background Intensity + 2,5 * Background 5tD
Spok Inkensity - Spot Background Inkensity

€ Mo local background correction Mo significance test, set all signals as TRUE @'h'ange

Use Spot Intensity For calculations

i "Outlier’ test

" Test all significant background corrected replicates For Outlier's Is Qutlier if deviation difference > I 50 :I k)

Mo outlier test, set all signals as FALSE = no QOutlier

gnore calculation.method

™ Mean of background corrected replicates {where signal is significant and no outlier)

Minimum number of replicates that must be assigned as signal I 2 ﬂ if less set resulk value to I i} vl

i Mormalization

Basis Methaod
7 Channel 1 (CH1) {5 Mean of overal signal intensicy
€ Channel 2 (CHz2) 7 Median of overal signal inbensity

% Mean of corresponding replicates
 Mean of 'selected' genes (named with '#7
% Normalize at own Channels 7 Mean of of overal background signal

" Median of overall background signal

[V stDev from mean of background corrected replicates

Disable calculation step..

Mormalization: Do lowess regression to normalize ratios smooth level g; I 0.5 i’

Figure 22: Advanced options of the 'Calculation’ menu

c) Press 'Start' to begin the calculation. A progkesswill inform you about the current status ofalat
processing.
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Depending on the size of the data set and the qmeaface of your system, calculations can take skvera

minutes. Refer t&ystem requirements and Performafareadditional information.

Depending on the calculation mode Oz kG PR ]

selected, MADA will prompt for new /I

settings for every worksheet.

Figure 23: Progress of calculation

3.1 Local background correction

Labeled target molecules do not only hybridise i surface-immobilised capture probes, normally,
they also bind to the microarray surface itseuieng in clear background signals. Thereforenuist

be assumed that part of each “hybridisation” sigmalso based on local background fluorescence.
This part has to be subtracted from the total $jdna the fraction of the background signal unged

a spot signal can only be estimated.

Normally, the local background directly surroundangpot should represent the fraction of the spot

signal which is caused by adsorption to the slidéase:

Background Corrected Spot Intensity = Spot Sigmignsity — Spot Background Intensity

The local background correction can be disableddbgcting 'No local background correction' within

the 'Advanced options'.

3.2 Signal significance test

To make sure that a spot signal is really a signdlnot just noise, a statistical test is requiretest

for significance based on a one-sided t-test resltiue probability of getting false positive signals

spot signal intensity > local backgrounténsity + t* local background standard dewviati

The t-score (t) that corresponds to a given prdibaliepends on the degree of freedom (df) andbezan
found in Table 1. The df-value correlates to thenhar of image pixels which are used to determine
the local background minus one. Since the t-distidlm converges to the normal distribution at high
values of df, the t-score can be approximated bythalue if df >= 30 [Bortz]. Usually, the rawtda
is based on high-resolution microarray images whltdws an approximation via the z-value in most

cases. The z-value of the standard normal distobus equal to the t-score for dfe=(Table 1).
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Probability that the spot intensity is significantly higher than the local background intensity
(Probability that the spot intensity isa false-positive signal )

70% 80% 85% 90% 95% 97.5% | 99% 99.5% | 99.9%
df (30%) | (20%) | (15%) | (10%) | (5%0) (25%) | (1%) (0.5%) | (0.1%)

1 0.727 1.376 1.963 3.078 6.314 12.7p6 31.821 63.657 318.313

2 0.617 1.061 1.384 1.886 2.920 4.303 6.965 9.925 22327

5 0.559 0.920 1.154 1.476 2.015 2.571 3.365 4.032 5893

10 0.542 0.879 1.093 1.372 1.812 2.2p8 2.7164 3.169 4143

15 0.536 0.866 1.074 1.341 1.793 2.181 2.602 2.947 3]733

20 0.533 0.860 1.064 1.325 1.725 2.086 2.528 2.845 3/552

30 0.530 0.854 1.054 1.310 1.697 2.042 2.457 2.750 3)385

60 0.527 0.848 1.044 1.296 1.671 2.000 2.390 2.660 3232

120| 0.526 0.845 1.041 1.28D 1.658 1.980 2.358 2.617

0=z 0.524 0.842 1.03¢ 1.28p 1.645 1.960 2.326 2.576 3J090

Table 1: Critical values (t-scores) of the Student's t-distribution for given probabilities

at different degrees of freedom (df).

[Bortz], [NIST/SEMATECH]

In statistical analysis, the two categories 'sigaift' >= 95% and 'highly significant' >= 99% are

commonly applied [Bortz]. MADA is using a defaulstore of 2 which approximately corresponds to a

97.5% probability that the signal intensity is sfgpantly higher than the local background. Thed®

can be adjusted via spin buttons at the '"ADVANCHEHIYSINGS' menu. It is also possible to disable

the significance test by selecting 'No significatest ...".
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3.3 Outlier test

A certain gene is not only represented by a sisgte on the chip. Normally, three or more spot
replicates of a single capture probe are printe@. 'perfect' experiment, all replicates of a patér
probe will show identical signal intensities with@ny deviation. In reality, replicate spots often
possess clear deviations in their intensity. Famgxe, dirt on the slide surface can lead to a tdgal
fluorescence (see picture, repliacte10) and attifdmased on the spotting procedure, to low signal
intensities (replicate 4). Most image analysiswafes allow to manually remove these spots from the
data set. However, such a process is completejectide as well as extremely time consuming (not

practical for chips carrying several thousandsrobps).

Marng

Gene Al 145953 55 946.07 14538 1 1]

Gene_A| 155859 18 135.34 15541 1 1}

Gene_A| 15315 42 330.62 18273 1 1]

Gene_A 1395 117 .93 1 1

Gene_A| 13478 m 1103.15 13367 1 1}

Gene_A| 13885 88 BE1.47 13499 1 1]

Gena Al 15107 63 520.4 16044 1 1]

Gene_A| 15837 il 37572 15506 1 0

Gene_A| 16382 ) 365.43 16283 1 1]

Gene_ A 24470 244 33 20444 1 1 14931.375

Figure 24: Outliers within replicates

Our idea was to automate this process. If you ladeek on the 10 replicates in the image exemplary
shown, it is obvious that spots 4 + 10 represet' 'spots (outliers) because they are quite differe
from the rest. The standard deviation from thea&ligmtensities of this ten replicated spots can hew
calculated. Because of the two outliers it willuksn a comparable high value. What happens if we
remove one of the data points and calculate thelatd deviation again? If we remove one of thee'nic
spots, the value will not change remarkably butdfcalculate it without one of the outlying spdlse
deviation value will dramatically decrease: anieutis found! This is the general idea of the autli

test algorithm implemented in MADA.

By default, settings the minimum deviation diffecerto declare a spot as an outlier is set to 50%. |
can be adjusted in the 'ADVENCED OPTIONS' menumalfoutlier test is desired, select 'No outlier

test ...".

Note: To perform this test, the array must carry attié@gicates for each probe since a minimum of

three_significant spot signals is required.
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devAll = deviation over all replicates
devPossibleOutlier = devAll

do while idOutliersToTest < (numOfReplicates / 2) +1
idOfPossibleOutlier = 0
for idTestReplicate = 1 to numOfReplicates
devTest = deviation over all replicates, except replicate(idTestReplicate), except found outliers
if devTest is defined% < devAll and devTest < devPossibleOutlier then

idOfPossibleOutlier = OutlierToTest
devPossibleOutlier = devTest

end if
next idTestReplicate
if idOfPossibleOutlier > 0 then

replicate(idOfPossibleOutlier) = found outlier
devAll = devPossibleOutlier

else
exit
end if

loop

Figure 25: Basic principle of the outlier test algorithm

3.4 Mean of Replicates

In this step, the replicates of each probe wiltbmbined to a single value by calculating their

arithmetic mean. Only significant and non-outlymeglicates will be considered.

The mean of replicates can only be calculatedeifatlis at least the number of valid signals spegtifi

Mame

GeneA o 0

Gened 1] 0

GeneA| 335.38 411 32.26 331.24 1 0 a

GeneB | 1611.19 33.45 119.46 1677.74 1 0

GeneB | 1670.26 5263 210.64 1617 B3 1 0

GeneB 1 1 1597 .69 25 20615433

GeneC | 1406.84 2676 8727 1380.07 1 0

GeneC | 1359.668 B.97 41.75 135269 1 0

GenelC | 1376.65 14.08 66.76 136257 1 0 1365.11 13.86721776

Figure 26: Calculation of 'Mean of Replicates', example for triplicated probes
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This number can be adjusted via the spin buttoosbiain reasonable results, at least the hatief t
replicates plus one should have a valid signés. idecommended to setup the 'Minimum number of
replicates that must be assigned as signal' to:

¥ Mean of background corrected replicates {where s_ignal is significant and no outlier)

Minimurm number of replicates that must be assigned as signd @ less set result value to I 1 vl

" -
Mo Numberof Repllcates+ 1

2 Figure 27: Recommended setup for the minimum
number of replicates which are assigned as signal

If the calculation for a certain replicate failsetcorresponding mean of replicate value will kese

zero by default. Differential gene expression asialis based on the calculation of differences betw
two states, so normally significant signals of bsttites / channels are required to do a calculation
However, it is possible that a certain gene is esped under condition B, but not at all under doomi

A. Since a value of zero can not be processede tents are normally “hidden” during later analysi
As a workaround, a certain value can be assignsddh cases, e.g., ‘1’ as shown above. NOTE: If you
use this option, you potentially will get hints fadditional regulation events but you have no
information on the numeric expression level (rata)these data points. Be aware that you miglat als

get a number of false positive regulation events.

By default, the standard deviation of the validliegtes is automatically calculated, but it can be

disabled in the 'Advanced options' mode.

34.1 Normalisation

If desired, data normalisation can be performeddiivating the checkbox and chosing a method.
Depending on your choice, MADA will calculate a fi@ular normalisation factor which will adjust all

'mean of replicates’ values based on a certainlatdn

3.4.1.1 Mean / Median of overall signal

The normalisation factor is calculated by the amigic mean or median of the background-corrected
signal intensities of all significant and non-oitly spot signals.

In case of an array with a high number of spo. (@hole genome arrays), the differences between
single spots will be compensated by the size ofitita set, so that the mean value of all spotdean

used as a standard.
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3.4.1.2 Mean of corresponding replicates

Normalisation based on the 'Mean of correspondiptjaates' means that each mean of replicate value
is directly normalised to its corresponding meaneplicate value of the selected channel.

Example: Channel 2 is selected as the normalisatenmdard. Mean of replicate <probe A> of channel
1 will be normalised to mean of replicate <probedfxhannel 2. Mean of replicate <probe B> of

channel 1 will be normalised to mean of replicgteobe B> of channel 2, etc.

At least two fluorescent channels must be availeblese this method. It is disabled if ‘Normalise a

own channel' is selected.

3.4.1.3 Mean of selected genes Method

 Mean of overall signal intensity
" median of overall signal inkensity

Often, so called 'house keeping genes' are usad as, ... corresponding replicates

reference for normalisation. If you define the silgn = & mean of ‘selected’ genes (named with '#)

of selected genes for the normalisation procedure, =~ Meanof of averal backaround sianal

% Median of overall background signal
they should be assumed as not regulated.

Figure 28: Mean of selected genes

To define genes, their (spot) name has to stalt wit
the hash (#) character in the 'RESULT DATA' o | s e e ] ] e ] e o] e ] 2]
worksheet. — RESULT DATA 2

Pressing the '>> SELECT'"-button will open a gene | 1 {t

selection menu. First, select the data workshetbieat
top bar, then select the appropriate genes irighe |
'Save changes' will automatically insert a leading
hash character to the selected gene names within t

result data set.

ok

Figure 29: Gene selection menu
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3.4.1.4 Mean / Median of overall background signal

The normalisation factor is calculated by the amigtic mean or median of the local background

intensities of all spots.

The method can only be chosen if 'Normalise at olannels' is selected.

3.4.1.5 Lowess normalisation

Lowess normalisation is done by applying a lowasse smooth function to the set of ratio and
intensity values. Therefore, the method can bedawrder the ratio & intensity calculation optiordan

is only applicable for two channel data such amfgene expression profiling.

If you select the lowess normalisation, you shalifhble the other normalisation approaches of the
previous calculation step, except you intent toyapawo-stage normalisation approach with one of

the other normalisation method in the beginning lameéss additionally.

Lowess normalisation adjusts each data point depgmah the positions of the surrounding data
points. How many surrounding data points are takEnaccount for this calculation is selectable via
the 'smooth factor'. The higher the smooth fadhar larger is the subset of data taken. For micagar

normalisation a smooth factor within the range .@50to 0.5 is common.

If you assign other values then zero to data peitish failed the criteria for the 'mean of reptiesl
calculation (Chapter 3.4), it is recommended tousa this biased values for the lowess regression

calculation since they could introduce significarttficial shifts.

W Ratio & intensity
ratio =logZ {resultof CH_& [ result of CH_E) H ":'"I CH1 ,I H B.I CHz vI
inkensity = log 10 result af CH_A * result of CH_B) - -
W Mormalization: Do lowess regression to normalize ratios smooth level g: | 0.5 ﬂ

W Don't use ‘artifical’ data points For regression as they could introduce a shift

Figure 30: Lowess normalisation

On the next page, an example is given to explaim Ibavess regression calculation works in detail and

which calculation steps are done to adjust a dait&t depending on the surrounding data points.
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A

Take the Intensity and Ratio values as full datageed by Intensities. Calculate the frame size
according to the user selected smooth factor (0.83% example) and

Data set sorted by Intensity adjust the frame around the currently to process pi@int, the point
] Intensity Ratio of estimation, in order to get a local subset dada

No

1 055782 18.63654 Adjgst the frr_;tme_around the

2| 2021727]  103.49646| distmin= | dist_max = point of estimation to that

3 > 577325 150.35391] point_of est Intensity position there the distance sum

4 3.414029 190.51031| - Intensity |-point_of_est

5 4.301408 208.70115 3.832179 dist_diff = |dist_frame = | dist_sum =

6 4.744839 213.71135 3.388748 | dist_min Int_max dist_diff +

7| 5.107378] _ 228.49353| | 3.0262093 -dist_max | | -Int_min | dist_frame

8 6.541166 233.55387 1.5924212 , 3.832179 4.7195586 8.5517376

9 6.721618 234.55054 14119698 // 23998978 423210295

10 7.260058 223.89225 0.8735291 \ / 0.7698696 7.1848269 7.9546965
S .— 11 227.68339 of ! 0 2.6537588 7.2723893 9.9261481
E 12 9.122438 223.91982 \ 0.9888505 3.7273047 6.7316957 10.4590004
G 13 11.92967 168.01999 3.7960789 5.2696288 7.5551277 12.8247565
o 14 12.37977 164.9575 4.24618| , 7.2395152 8.1130443| 15.3525595
° 15 13.27286 152.61107 \  5.1392745
-% 16 14.27675 160.78742 \  6.1431579
o 17 15.3731 168.55567 V' 7.2395152

18 15.64766 152.42658

19 18.56054 221.70702 frame_size = smooth_factor * data_set_length

\/ 50l 18.58664 592 6904 (rounded to the next odd integer value)
0.33*21=6.93->7

distance over all points in the local set, complgeweights by evaluating the tricube weight fumati

b) Perform a weighted least squares fit of thellowzdel (a line in our case) to the data subset and

evaluate the regression value at the point of ediim.

Tricube weight function
w = 1-|scaled_distance|®)® for |scaled_distance| <1

a) Determine the distance from each point to thetd estimation, scale the distances by the marim

0 for |scaled_distance| >=1
Local subset of data \l/
according to the distance = |scaled_dist = w Int*w |w_Int° = | Ratio *w |w_Ratio® = | w_Int® * [(w_Int®)?*
point of estimation | Intensity - | distance / | (weights) Int - w_Int Ratio- |w Ratio® * w
Intensity | Ratio |p._of_est.|| max dist. w Ratio | w
No -
6 4.744839| 213.71135| 3.3887480 1| 0.000000{ 0.0000| -2.877715 0.0000] -14.569011| 0.000000{ 0.000000
7 5.107378| 228.49353| 3.0262093| 0.8930169| 0.023847| 0.1218| -2.515176 5.4490 0.213169| -0.012786] 0.150862
8 6.541166| 233.55387| 1.5924212| 0.4699143| 0.719886| 4.7089| -1.081388| 168.1322 5.273509| -4.105302| 0.841835
9 6.721618| 234.55054| 1.4119698| 0.4166642| 0.798309| 5.3659| -0.900936| 187.2439 6.270179| -4.509673| 0.647976
10| 7.260058| 223.89225| 0.8735291| 0.2577734| 0.949490| 6.8934| -0.362496| 212.5835 -4.388111| 1.510328| 0.124766
11 227.68339 0 0/ 1.000000| 8.1336| 0.511033| 227.6834 -0.596971| -0.305072| 0.261155
12| 9.122438| 223.91982| 0.9888505| 0.2918041| 0.927296| 8.4592| 1.499884| 207.6399 -4.360541| -6.064798| 2.086093
2 4.4189| > 33.7 > 1008.73 > -13.487| > 4.1127
w Int=3 (Int*w) / X (w) 7.622554
w_Ratio = Y (Ratio;* wy) / X (w) 228.2804
slope =% (w_Int% *w_Ratio® *w;) / X (w_Int%2 *w;) =-3.2794
intercept = w_Ratio - (slope * w_Int) =253.2781
regression_function_value = (slope * point_of_estimation) + intercept = 226.6045
normalized Ratio = Ratio — regression_function_value =1.07889

The example data is no microarray data it was takelhmodified from the NIST/SEMATECH e-HandbookStétistical
Methods, 'Example of LOESS Computations' at httpuid.itl.nist.gov/div898/handbook/pmd/sectionl/deggd44.htm.
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3.5 Ratio & intensity

'Ratio & intensity' is applied in microarray-medaidtgene expression profiling which is normally lohse
on two-colour hybridisations and in which the datan the two channels represent the expression
profile of a single cell line/culture at two difeart ‘conditions'. The expression ratio can beutated

as (spot signal channel A / spot signal channelrig) the intensity as (spot signal channel A * spot

signal channel B).

The most widely used alternative transformatiothefratio is the logarithm base 2, which has the
advantage of producing a continuos spectrum ofe@knd treating up- and downregulated genes in a
similar fashionfQuackenbush 2002]
Example:

e Upregulation by factor 2 -  expression ratio = 2 2> log(2) =1

< Downregulation by factor 2 - expression ratio = 0.5 2> log(0.5)=-1

In MADA the logarithmic ratio and intensity is usadd calculated from mean of replicate values by:
e ratio =log (A/B)

e intensity = logy (A * B)
* A, B = (normalised) mean of replicates of chdrhe? or 3

The channels can be set in the 'Calculation’ mé&mo. expression analyses should be done, the

calculation can be disabled in the 'Advanced Opgtiarenu.

Note: Ratio and intensity must be calculated if RI- &®-Rlots should be used later.
Zero or division by zero can be occur if the mefreplicate value of one channel contains to
much non-significant or outlying spot signal intiéies.
Ratio and intensity is automatically disabled gde¢hen two channels availabléis page is

intentionally left blank to support double-sidednpouts.
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4 Plot Chart

A selection of charts and graphs for the visuatisabf microarray data is directly implemented in
MADA. Every chart can be adapted to own preferefigessing the tools of Excel.

Data that are required for building charts or plots copied to the 'CHART' worksheet. They can be

found behind the plot or chart area.

X Microsoft Excel - MADA_190105 sls B Dl e | = | & | ) | | B iEEL]
”ﬁ File Edit View Insert Format Tools Chart Window Help Acrobat _|5|i|‘
A B \ c [ D2
T [ T T T T T T T T T T T T T P T P P T P T T T T T T T T T T T T T T T T T P T P T P T T T P T T T e e P P A R
| 2 |Marge Mormalized[% of mean of #genes){CH1 Mean of Replicates of BC Mean) Mormalized{CH1 Stdev of Replicates of BC Mean) Mormalized|% of mean of #genes|{CH
ERE % 2372677598 57.95057223
| 4 |B *e 7643.715847 916.5340355
LC 3.4298?2495 .............................................. 24?36431?7 ................................................
| B |D 4189.517485 B8.87134408
| 7 |E 2587.978142 1363319534
| 8 |F 45967.613843 303.1764379
|9 |& g e
1101
11| i
B lic CHART Mean of Replicates 1
6l
%5 |DNOrmaIized[% of rmean of #genes])(CH1 Mean of Replicates of BC Mean) B MNormalized[% of mean of #genes](CH2 Mean of Repli
| 16 : ¢ 20000
17 ;
15 ; :
|19 1 18000
20 E
21 s
|22 1 16000
24| H
=N vannn

Figure 31: Finding the data which are underlying a chart or graph

Note: To save a chart or plot it is recommended to HawéCHART' worksheet because it also
includes the underlying data. Use the 'Save Dat&m within the 'COMMAND' worksheet (MADA

main window).
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4.1 Mean of replicates

Absolute or normalised signal intensities of eadbp (mean of replicates) can be visualised in a

column/bar chart.

MicroArrayDataAnalyser

il Select charts to plot Impart Raw Data

if

IV : Plot Calumn-Chark: Mean of replicates

Extract Data

a) Press 'Plot Chart' in the MADA i T Plotxt-chart  Mean of repicates CHy over  Miean o repicates Chx
main window of the 'COMMAND'

Worksheet and SeleCt :Plot COlUmn‘I [~ Plot Xv-Chart: Ratio over ratio (Ry-Rx-Plot)

N
Chart: Mean of replicates' within I | @
Cancel —
|

the 'Select charts to plot' window

Figure 32: Selection of kind of visualization,
here 'Mean of replicates’

[~ Plot xr-chart: Ratio over intensity (R-I-Plat)

Calculate

and press >>NEXT' to continue.

.
b) Select a 'RESULT DATA' worksheet and continue

. | fram 'RESLILT DATA 1 =l
by pressing '>>NEXT".
Note: If a mean of replicate chart was already build Cancel |

from the same data set, it will be overwritten. - -
Figure 33: Selection of the

underlying data set

A new worksheet for the plot is created and theeudythg data are copied from the corresponding
RESULT DATA worksheet.

Select [ ]

. CHART Mean of Replicates 1
c) Select the channels and probes which should

¥Y-axis

visualised. [ Normalizsd[% of mean of #-genes](CH1 Maan of Replicates of BC Mean)
¥ Normalized[% of mean of #-genes])(CH2 Mean of Replicates of BC Mean)
1= |GHE

Since non-significant and outlying data points s
have a mean of replicate value of zero, they can ==
automatically deselected by using the 'Select all

signals > 0' option.

Press 'START' to create the column chart.

Deselect all | Select all | Select all signals =0

Note: In case of large data sets this may take a $

while. Figure 34: Selection of data points
which should be visualized
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The 'CHART' worksheet will be named 'CHART MearRefplicates x' (x is the corresponding number
of the data set).

E

X Microsoft Excel - MADA_190105.xls | Cl| = W o) =) & | &) | & mE B
”ﬁ File Edit Wiew Insert Format Tools Chart Window Help Acrobat _|5|£|‘
A B | & [ D—i

CHART Mean of Replicates 1

O Mormalized[% of mean of #genes])(CH1 Mean of Replicates of BC Mear) B Normalized[% of mean of #genes](CHZ Mean of Replicates of BC Mean) ‘

20000

=]

18000

ra

w

16000

=

o

@

14000

=

=]

)

12000

|
==

10000 T

]
[

G000 I T

G000

4000
2000
0 ilil o = T
F G H

A B c D E

L0 | 0 | | 000 (R | B 0 (B k| 1 B
@ || | QR = 0w o~ 5|0 & W

w
=1

0w
=]

-2000
14|« [» [MIl{ CHART MofRep over MofRep 1 £ CHART Rover[ 1 )CHART Mean of Replicates 1 ¢ RESULT| <] |

iﬂﬁlalll Inbax - Outlaok Express | Y Miciosoft Ward - MADA, PI. | 3% Microsolt Excel - MA__. [ urtitled - Paint g 1209PM

Figure 35: CHART Mean of Replicates
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4.2 Mean of replicates Chy over Mean of replicates Chx

In this chart, the mean of replicate signals ofrrieh y are plotted against the mean of replicajrads
of channel x. Variations in the two data sets asilg be detected by the location of the data goint

compared to the bisecting line since identical @alwill exactly fall on that line.

MicroArrayDataAnalyser

Select chaits to plot

a) Press 'Plot Chart' within the

, , ™ Plot Column-Chart:  Mean of replicates
COMMAND' worksheet, select
i ¥ Plot ®¥-Chart: Mean of replicates CHy ower Mean of replicates CHx
'Plot XY-Chart: Mean of replicates
I~ Plot %y-Chart: Ratio ower intensity (R-I-Plat)
CHy over Mean of replicates CHx o
™ Plot X¥-Chart: Ratio over ratio (Ry-Ruc-Plot)

within the 'Select charts to plot' |
window, and press '>>NEXT' to | . |
|

continue.
:

Figure 36: Selection of kind of visualization, here
‘M. of Rep. CHy over M. of Rep. CHXx'

b) Select worksheet to plot and continue with '>XYE R
| from ‘RESULT DATA 1" j

Note: If a 'Mean of Rep. over Mean of Rep.' chart gatest
from the same data set already exists it will beravitten Cancel |

without any warning.

Figure 37: Selection of the
underlying data set

A new worksheet for the plot is created and the daderlying are copied from the RESULT DATA

worksheet selected.

Select values to plot

CHART MofRep over MofRep 1

[ Y- axis

c) Select the values for the x- and y-axis.

€ normalized[% of mean of #-genes](CH1 Mean of Replicates of BC Mean):

Optlona"y’ a |0gar|th mlC Scallng Can be & MNormalized[% of mean of #-genes](CH2 Mean of Replicates of BC Mean)

)ik avail=ble

applied.

™ Logarithmic scals

[ X-adis
Press '>> NEXT' to continue. & Normalized[% of mean of #-genes)(CH1 Mean of Replicates of BC Mean)
€ MNormalized[% of mean of #-genes](CH2 Mean of Replicates of BC Mean)

€5 I 2w bl

I Logarithemic scals

¥ Label data points Cancel |

Figure 38: Selection of underlying values
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d) Select the mean of replicates that should be

Select values to use

CHART MofRep over MofRep 1

visualised.

Since non-significant and outlying data points psss
a mean of replicate value of zero, they can be
automatically deselected by using the 'Selectigtiads

> 0' option.

Select all | Deselect Al | Select all signals = 0 |

Cancel | START

Press 'START' to create the XY-Chart.

Note: In case of large data sets this can take a while

May, 2007

Figure 39: Selection of data points
to be visualized

The 'CHART' worksheet will be named 'CHART MofReeoMofRep x' (x is the corresponding

number of the data set).

X Microsoft Excel - MADA_190105+limitlines_xls

IS eI EN]=] ] e |
EETE)

”ﬁ File Edit View Insert Format Tools Data Window Help Acrobat

39
14« [» W[\ COMMAND { CHART RoverI I 3 CHART MofRep over MofRep 1 { RESULT DATA L Raw DA | <]

A | B \ C [
0 =
2 |

Ex CHART MofRep over MofRep 1

|5 |

5|

- 20000

o £ 18000

l = +* K

2 & 16000

4] O —~

= % T 14000

w35 12000

o 3o

2 5’5 10000 e

5 £ 8000

|24 wm

= s& 600+ P

= 4000 —

5 5 2000 -

132 =2 .E *C

% O 4+ 0 s

B 0 2000 4000 6000 8000 10000
% Normalized[% of mean of #genes](CH1 Mean of Replicates of BC Mean)

A Start|[3€ Microsolt Excel -MA_ | #5Miciosolt Visual Basic - M... | B3 Microsoft Word - MDA PL. | [#F untited - Paint |

mlasgn ginaM
Figure 40: CHART Mean of Replicates Chy over Mean of Replicates Chx

-39 -



M icroArrayDataAnaIyser MPI Bremen May, 2007

4.3 Ratio over Intensity

R-1-plots are quite common in differential gene megsion analysis since the up- and down-regulation
of genes is visualised in the same manner duddgaaithm base 2-based transformation of the data.
Gene regulation of a factor of, e.g., 2 is defirfed up-regulation, by a twofold increase of signal
intensity (factor 2) and, for down-regulation, bhiaection of the signal intensity (factor %2).
Transferred to ratio values using the logarithnetashis is leading to an up-regulation ofA@) = 1

and a down-regulation of lg@2) = -1.

Sometimes, R-I-plots are initially used in datalgsia to visualise the distribution of the signafs
single spots (not their replicates) and to detgt, outliers. In MADA, non-significant and outhgj

data points will be detected during the calculastep. The R-I-plot function is implemented for
visualisation of the final results and thereforis ibased on ratios and intensities of mean ofaa{el

signals and not on signal intensities of singletspo

Note: Ratio and intensity values must be calculatedtagplotting using the 'Calculate’ function of
MADA.

MicroArrayDataAnalyser

. S —
a) Press 'Plot Chart' in the i _
™ Plot Column-Chart:  Mean of replicates
ICOMMAND' WorkSheEt! Se|ECt IIDIOtI ™ Plot ®v-Chark: Mean of replicates CHy over Mean of replicates CHx
Extract Data
XY-Chart: Ratio over intensity (R-I- R § Pl R e R nver Diermiy (LR,
P|0t)' within the 'Select charts to p|0t| [”  Plotxy-Chart:  Rakinover ratin (Ry-Rx-Flat) = Calculate

window and press '>>NEXT' to I '———.
Plat Chart
continue. G —t
|

!

Figure 41: Selection of kind of visualization, here 'R-I-Plot'

b) Select worksheet to plot and continue with '>XNE

Plot R-1-Chart _..
| fram 'RESLILT DATA 1" =l
Note: If a 'R over I' chart generated from the samea dat
already exists it will be overwritten without anyaming.
Cancel |

A new worksheet for the plot is created and the dat
underlying are copied from the RESULT DATA workshee Figure 42: Selection of the
selected. underlying data set
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Select values to use E

CHART RoverI 1

Select values to plot

 Ratio values { MOT lowess normalized )
™ Plat lowess regression values

c) Select the data points to visualise.

% Lowess normalized Ratio values

Note: Ratios over intensities can not be calculatethfisignals’
that possess a mean of replicate value of zeraeldre, data
points can miss in the list because of a divisipiazdro error

during the previous calculation of ratios.

For expression analysis, a regulation factor, igting the —
threshold to indicate up- and down- regulated géryespecific
j ’ ° ﬂl Select Requlated Deselect Al |

-~

-~
W Requlation Factor I Z i’: 11 at Chart

Press 'START' to create the XY-Chart. [ Labeldatapaints | ALL

Cancel | START

Figure 43: Selection of data
points to be visualized

colours, can be defined.

Note: In case of large data sets this can take a while.

The 'CHART' worksheet will be named 'CHART R ovet (where x is the corresponding number of
the dataset).

X Microsoft Excel - MADA_190105+hmitlines. xls | Cl| = W o) =) & | &) | & mE B
”ﬁ File Edit View Insert Format Tools Data Window Help Acrobat _|5|£|‘
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4.4 Ratio over Ratio

This chart type is for the comparison of ratio-lsasesults from a single array that were differently

calculated or from two arrays that were differemttigcessed.

An example for comparison of differently procesaedys is the 'flip-flop' labelling, routinely ajbgd

for two-colour hybridisation experiments. Here, tydridisation of the two samples under
investigation is repeated under identical condgjaxcept that the fluorescent dyes for labellihthe
two pools of target molecules are exchanged. Bhibhe to account for potential biases causeddy th
different dyes. Ideally, the results should beghme for both experiments, indicated by the datatpo
which invariably fall onto the bisecting line.

Note: If the channel assigned to a particular fluoresdge is switched in one raw data set, do not

forget to switch the channel assignment for ratid mtensity calculation, too. Example:

Data set| Fluorescent Fluorescent Channel assignment Calculation
dye at CH1 dye at CH2 at calculation step | ratio =log (CH_A/ CH_B)
1 Cy3 Cy5 CH_A=CH1 ratio = log (CH1 / CH2)
CH_B =CH2 =log(Cy3/Cy5) !
2 Cy5 Cy3 CH_A=CH2 ratio = log (CH2 / CH1)
v CH_B = CH1 :> = log(Cy3/ Cy5) !

A single raw data set can be imported multiple §rand assigned to several MADA data sets to
analyse it in parallel with different calculatiorethods. Here, the 'Ratio over Ratio' plot should be

helpful to find variations.

Data points falling next to the central bisectimglpossess equal values, whereas data pointgfalli

beyond the two outer bisecting lines possess atieniof more than 50%.

Note: It is not possible to compare values from arm@gmnised in a completely different way. It must
be assured that the raw data sets have a compatalture including a similar number of spots,
similar spot names and the data lines orderedsimiar way. Extraction of data using MADA's 'Data

Extraction' tool must be done with identical seftinespecially if using '‘Consecutive grouping'.

Note: Ratio and intensity values must be calculatedtaeplotting using the '‘Calculate’ function of
MADA.
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MicroArrayDataAnalyser

filk
. I Plot Column-Chart: Mean of replicates
a) Press 'Plot Chart' in the n
. . , I™  Plot %v-Chart: Mean of replicates CHy over Mean of replicates CHx
COMMAND' worksheet, select Plotl
™ Flat #v-Chart: Ratio over intensity (R-I-Plot)

Ratio over ratio (Ry-Rex-Plat)

XY-Chart: Ratio over ratio (Ry-Rx- I -
v Plok #V-Chart:

Plot)" within the 'Select charts to plo

window and press >>NEXT"' to

continue. |
Figure 45: Selection of kind of visualization,
here 'Ry-Rx-Plot'
b) Select worksheets to plot and continue with 'BEXN". Select data sheets Y-Ratio over X-Ratio
| Y-Ratia fram RESULT DATA 1' =]
Note: If a 'R over R' plot generated from the same data [t rom REALLT 0ATA r

already exists it will be overwritten without anyaming.

Cancel |

Figure 46: Selection of the
values, a 'usual' and a lowess normalised onewjibbe asked underlying data set

If one of the selected worksheets contains bothsyy ratio

to select the one to plot.

Note: The comparison of data sets with different norsaion methods applied might lead to artificial

shifts introduced by the differences of the norsatlon methods.

A new worksheet for the plot is created and tha daderlying are copied from the RESULT DATA

worksheet.

c) Select the data points which should be visudlise Select values to use
CHART R1 over R3

Note: Ratios can not be calculated from 'signals’ plustsess a

mean of replicate value of zero. Therefore, datatp@an miss

in the list because of a division by zero errorimythe previous

ratio calculation.

Press 'START' to create the XY-Chart. R

Select Al | Deselect Al |
Cancel | START

Figure 47: Selection of data
points to be visualized

Note: In case of large data sets this can take a while.
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The 'CHART' worksheet will be named 'CHART Ry o®¢ (where x and y are the corresponding

numbers of the datasheets).

X Microsoft Excel - MADA_190105+limitlines.xls
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Figure 48:

g aread
CHART Ry over Rx
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5 Save Data

There are two options implemented to save datahndnie exported from MADA. They are offered

after pressing the 'Save Data' button.

a) Save a collection of MADA worksheets to a new Excelorkbook.

Worksheets containing 'RAW DATA', 'RESULT DATA', arCHART' can be saved into a new excel
workbook.

Additionally the 'System log' can be included amdtored on a separate worksheet.

Press 'Save Data' to open the dialog box. Seleattinksheets to save, and edit the filename and

location if desired.
work sheets to E

The default file name for saving is:
MADA_RESULTS_[date]_[time].xIs RESLLT DATA 1

FLAW DATA 1

3
Fea DATA 3

Save selected worksheets as:

Location | CHWINNT\Profiles\aellrott\DeskboplMADS 301 104\data >3 BROWSE |
Mame | MADA_RESULTS_19-1-2005_13h21

Cancel | Save

Figure 49: 'Save data’' dialog

:

NOTE: If the selection contains a lot of worksheetpecially chart worksheets, it can take Excaleso

minutes to copy all the selected worksheets imew workbook for saving.

b) Extract and save selected data to an export file.

This option allows to create a single export fileeéxt or Excel format by combination of selected
information from different 'RAW DATA' and 'RESULTAYA!' files. The user can select the data
columns, which are saved in the export file. Thedee can contain free text information or an
automatically generated abstract of the systenfilleg

The 'TRIM DATA SET' option allows to remove 'empdigta lines automatically.

With the 'PREVIEW EXPORT DATA' option the selectdata will be first shown in a new Excel
worksheet to inspect or modify the data set, éognanually insert a column which combines resuiits
different worksheets by calculating the averageeal

The key combination 'CTRL+SHIFT+E' will start thadl export after the preview and modification.
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The default file name for export is: MADA EXPORT ald]_[time].[extension]

Export Data

# Data processed by MADA 3-208-87 3:54:44 PH

RESLILT DATA 1 v RESLLT DATA 1 - RESULTDATAZ ] RESULTDATAS ||

2 [Mame] v 1[CH1 Mean of Replic: = I [CH1 Mean of Replic: |+ | 1[CH1 Mean of Replic:

|— RESIILT 1 ~| RESLLT 2 | RESLLT 3 |

EXPORT DATA

Figure 50: 'Export data' dialog
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6 Remove data sheets

Use the 'Remove data sheets' dialog to delete rrmmrrrsr———————— pr—— <]

worksheets or charts from MADA. Multiple

RESLLT DATA L

FAW DATA 1

. CHART Mean of Replicates 2
RESLLT DATA 2

RAW DATA 2

RESLLT DATA 3

RAW DATA 3

selections are possible.

It is also possible to delete a worksheet using a
standard Excel function. Right click on the
worksheet name tab and select 'delete’ from the

Cancel | DEL
context menuNote: NEVER remove the

'COMMAND' worksheet.

Figure 51: 'Remove data sheets' dialog
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7 System log

Central steps of data analysis such as calculatanaell as the corresponding settings and eraoes,
recorded by MADA. Press 'Show system log' for Visaéion. Use 'SAVE' for storing information as a
text file. Information will not be stored automatily and are reset with each restart of MADA. Mdnua
reset is possible via the 'CLEAR' button.

Note: The system log can be stored as excel workshewg tiee main windows 'Save Data' option.

LOG

MADA started at: 4-11-85 18:28:00 AM

IMPORT RAW DATA 1 4,11/85 18:28:18 AM G:ndatasScanfArrayB258.csv
IMPORT RAW DATA 2 4,11 /05 18:28:18 AM G:ndatasScanfArraylB@@.csv
EXTRACT RAW to RESULT 1 4,11 /05 18:28:41 Ch2=YES Ch3=N0O
EXTRACT RAW to RESULT 2 41185 18:28:52 Ch2=YES Ch3=NO
CALCULATE RESULT DATA 1 41185 18:29:36 -CH2
[CH1.CH21
CHx is Signal? [CHx > Chx Backg. + 2 % Chx Backg. StDevl [CH1.CHZ1

+—RESULT-> CH1: 35 of 258 szpot signals are unsignificant (14x>t
+—RESULT-> CH2: 71 of 258 fpot gignals are unsignificant (2

CHx_has Outlier? 9
+—RESULT-> CHi: 3@ f 15 ni opots are outlier {13x>*
+-RESULI > if i spots are outlier (15>

CHx Mean of background corrected rep
+—RESULT-> CH1: 8 of 72 mean of replicates are 1nua11d (11/
+—RESULT-> CH2: 17 of 72 mean of replicates are invaild (23x)>¢
+-> Stdev over "mean of background corrected signals’
+-> Mormalization of CHx at mean of overall zignal [Basis CH21

Intensity & Ratio
+—RESULT-> 1% of 72 data points could not be calculated (26x)>?

IMPORT RAY DATA 3 4,11 -85 18:32:14 AN C:ndatanTest.csw
EATRACT RAW to RESULT 3 Gene names: ERROR: Block Start not found?

SAWE CLOSE CLEAR |

Figure 52: System log window
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8 Installation and Setup

MADA is using visual basic for application, comiafpng as a macro embedded in an Excel
workbook.

Microsoft Excel 97 or higher must be installed oriadows-based operating system together with the
add-in for VBA support. Normally the later is autatically installed by the standard installation
routine of Excel® or can be obtained be using tistailer from the Microsoft® Office® CD-Rom.

CompareSystem requirements and Performafarefurther information on system requirements.

8.1 Installing MADA on your PC

Just copy the MADA folder including all files to yphard disk drive and open the MADA xIs file with
Microsoft Excel to start, like described atstallation 'by hand'To prevent from problems caused by
Excel, theAutomatic installatioris recommended.

If you run Excel 2000 or higher it is necessargatup Excels security settings after the instaltati

See the following sectioBetup Excel to run MADA

Installation 'by hand'":

Download the compressed fi@ADA.zip from http://www.megx.net/madand extract it to a folder on

your hard disk drive. In this folder, you will théind MADA.xIs together with some extraction filter
files (.mef). Close all currently open Excel apations and double-click on MADA.xls to stalkote:
Fast lowess calculation will only work if the moduMADALowessCalcModule.exe' is present in this

folder and the folder is not write protected. x

FOUND REFERENMCE: YBA
VBA

. . . visual Basic For Applications
Depe ndin g on the current Excel installation , C:iProgramme\Gemeinsams DateierMicrosoft Shared|WBA|YEAG|VEE6.DLL

FOUND REFEREMCE: Excel
Excel

object libraries or dll's required by MADA can Wicrosoft Excel 3.0 Cblect Lbvary

CriPragramme’Micrasoft Officed OFfice\EXCELS, OLE

miss. MADA will check for them during load. FOLND REFERENCE: secole
, ) o P icrosoll Excel =]
An error is pI’OdUCGd if they are missing. it e sl s ol ey @l e e s g sy

E%UND REF  maDA maybe not work propetly withaut them,
ice

Note: This message can also occur if another | virossr o wissiug; wsrorms

CHProgramn
Please install the missing device First!

Excel application is already open. It is strongly

_
recommended to close Excel before opening
MADA. Figure 53: Error caused by missing reference files

Automatic installation:

We provide an installation and setup package ftoraatic installation. The package includes all
components required by MADA such as object libigrdl's, extraction filters, the speed-up module

for fast lowess calculation as well as the MADA mialn Download and execute the file
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SetupMADA.exefrom http://www.megx.net/madand start the installation procedure by doublekcli

Please read the information which shows up dutiegristallation process, carefully. Afterwards,selo
all open Excel applications and double-click on MDA icon on the desktop or follow the link in the

start menu.
8.2 Setup Excel to run MADA

The Visual Basic for Applications add-in to supptbit macro functionality is required. Althoughst i
normally part of every standard installation of Ekit might be missing or deactivated in some cases
On problems run the installer from the Microsoft&i€e® CD-Rom, choose the user defined

installation mode and select Visual Basic for Apations (VBA) to install.

Due to the increasing problems caused by compingses, Microsoft has implemented some
protection against potential macro viruses in tieer Excel versions. For instance, Excel 2000
macros are disabled by default and the accessad PR02 (Office XP) to Visual Basic projects is
protected. Therefore, the corresponding Excelrggttmust be changed before starting MADA.

a) Enable macros

If execution of macros is disabled, the followirrgoe will occur during MADA start:

x
(] Macraos in this warkbook are disabled because the security lewvel is high, and the macros have not been digitally signed or verified as safe. Torun the
L) macros, you can either have them signed or change your security level. Click Help For more information.
Help |
Figure 54: Error, macros disabled
Open Excel and seletbols > Macro > Security secury Level | Trusted sources |
Change the Security IeVel tO 'Medium' or 'LOW'. " High. Only signed macros from trusted sources will be allowed
to run. Unsigned macros are automatically disabled,
o iMedium, You can choose whether or not b run potentially §
iunsafe macros,
" Low {niot recormmended), You are not protected From
|f the Security IeVeI 'LOW' iS Selected Excel Wlbt ask potentially unsafe macros, Use this setting only if you have
) ! wirus scanning software installed, or vou are sure all
for execution of MADA macros anymore. However, documents you open are safe.
please note that this is also the case for any &keel
macro!
Wirus scanner(s) installed,
Ok I Cancel |
Figure 55: Select security level
20
C\Dokumente und Einstellungen) aellratt\Deskioph MADA
1110044 MADA_111004.xls contains macros,
If the security level 'Medium' is selected, Excdl ask
on every start of MADA (or any other macro) whether
macros Should be d isabled or enabled . Macros may contain viruses., It is always safe to disable macros, but if the
macras are legitimate, you might lose same Functionality.
Enable Macros | Mare Info |

Figure 56: Medium level start question
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b) Enable access to Visual Basic projects

If access to Visual Basic projects is prohibiteceamor message |
comes up during start of MADA. ERROR at;

Programmatic access to Yisual Basic Project is not trusted
1004

Figure 57: Error, VB project access

In Excel, go torools > Macro > Securityand select [security x|
Visual Basic projects as trusted source. SecurtyLovel  Trusted sources |
-
[ ]
Remoye |
v Trust all installed add-ins and templates
[¥ Trist access to Wisual Basic Project !
Virus scanneris) Inscanea.
Ok I Cancel

Figure 58: Enable VB project access
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9 System requirements and performance

MADA is written as a Visual Basic for ApplicatioWBA) Macro using Microsoft Excel. To run the
program, Microsoft Excel '97 or higher and the auébr VBA support must be installed on a
Windows operating system.

Note: Excel on Mac OS is currently not supported.

The calculation speed of MADA is mainly limited Excel because it has to parse and interpret the
VBA program code during runtime and the interactigth Excel, e.g., the readout of Excel cells takes
a significant amount of time. For MADA 2.0 the alijloms were revised in terms of calculation speed,

which leads to a much better performance comparditetolder versions of MADA.

Although MADA is fully functional without any add@nal software tools, a special module written in
Visual Basic 6 is provided, which will fasten thenk load intensive lowess calculation if the module
is present in the MADA program folder. This modhtdds the same lowess algorithm like the one
directly implemented in MADA, but as the modulaisompiled executable file it can run much faster

then the macrocode of Excel. This module is alréadyded in the standard installation of MADA.

MADA can only handle data files that contain a maxin number of 60,000 lines, each representing
the description of a single spot for a maximumhoéé different fluorophores/channels. The filestmus

be in the delimited text or the Excel format.

MADA 2.0 can now process up to 24 of this datasfileut be aware that each imported file leads & on
raw data worksheet, one result data worksheet,gaid#ional chart worksheets. This can easily blow
up the file size of the Excel workbook to seve@WB and therefore slow down Excel.

Note: Excel 97 has known problems in handling workbooistaining more than 60 worksheets.

MADA was optimised for a screen resolution of 162468 and can not be used with lower

resolutions.

For the performance tests, we created artificieh@nnel data files holding different numbers otdat
points from 250 up to 60,000. The data are repeatedy 228 lines, so that the percental calculation
results are nearly independent from the finaldilee. Every of the 228 lines data block consigidf
'‘genes’ in triplicates, one 'gene' in 6x replicadod four 'genes’ in 9x replication. MADA's spigingl
significance test assigns 14% of the spots as nifisignt at channel 1 and 28% unsignificant at
channel 2 using theHx > Chx Backg. + 2 * Chx Backg. StDeriteria. The outlier test (50%) finds
additional 13% outlier at channel 1 and 15% outiiechannel 2.
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The performance of MADA 2.0 was tested with diffearbardware configurations and is significantly

increased compared to the performance of MADA ikédhown in the following chart.

1000 1 :
1| — & - 333MHz Celeron Il 192MB Ram Excel 2000 Win Me
1 —m— 1GHz Celeron Il 256MB Ram Excel 97 Win NT
1 = -4 = 1,6GHz Pentium M 512MB Ram Excel 2000 Win XP
= 1| ——@=— 3GHz PentiumIV 1GB Ram Excel XP Win 2000 e :
= -~
% 100 - R
] e
£ 1| [BLACK] MADA 1.0
pt 1| [RED] MADA 2.0
i) i
E |
>
O
< 10 A
@) 1
] L~
| L -
| -
, -
1 r T T T T T o_ T T
N
1000 1000 < 100000
Size of data file [total number of spots] 9,:
=
Calculation speed vers. amount of data \/
using MADA 2.0 standard settings with background co rrection, signal
significance test, outlier test and mean of overall sighal normalization
done on different computer hardware with different software combinations
10000

I I
—4—500 MHz Pentium Il 384MB Ram Excel 2000 Win Me
—A&— 1 GHz Celeron Il 256MB Ram Excel 97 Win NT
—— 2.4 GHz Pentium IV 1GB Ram Excel 2002 Win 2000
—@— 3 GHz Pentium IV 1GB Ram Excel 2002 Win XP
—a— 1.6 GHz Pentium M 512MB Ram Excel 2000 Win XP
1000 4 —g@— 1.8 GHz Pentium M 1.5GB Ram Excel 2003 Win XP

100

Calculation time @

'_\
o
I

MADA 2.0

100 1000 10000 100000

Size of data file [total number of spots]

Figure 59: Performance of the MADA calculation step
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With limited data sets representing 5,000 spotsPMAs performing well even if doing calculations
on older machines. For larger data sets, espediddiwess normalisation is applied, faster machine
with at least 2GHz and 512 MB of RAM are recommehde

The most workload is produced by the MADA outliesttand lowess normalisation. For lowess, an
additional module is provided which significantlyegds up the calculation. The following chart shows

how the performance is influenced by this modulé iancombination with the outlier test.

Calculation speed vers. amount of data
using different combinations of more or less worklo ad intensive methods
done on a 1.6 GHz Pentium M with 512 MB Ram using E  xcel 2000 at Win XP

=== Qutlier test (50%) & Lowess normalization (0.5) WIT HOUT 'speed-up' module
—&—No outlier test & Lowess normalization (0.5) WITHOU T 'speed-up' module
=—&—Outlier test (50%) & Lowess normalization (0.5)

=—®—No outlier test & Lowess normalization (0.5)

=== Qultlier test (50%) & Global mean normalization

10000 - =—>=—No outlier test & Global mean normalization

1000 -

100

Calculation time [sec]

10

1 T T
1000 10000 100000

Size of data file [total number of spots]

Figure 60: Performance of different work load intensive methods
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The performance of the lowess normalisation alggedds on the smooth factor selected. The higher
the smooth factor, the longer it takes to calcullagelowess regression values. For microarray
applications usually a smooth factor within thegaiof 0.25 to 0.5 is applied. The following chants
based on calculations using the MADA lowess 'spggdnodule. They show that data files up to
10,000 data points can be processed even on ollghines within a reasonable time frame but they

also show that for large data sets with more tHA@ data points even faster machine requires much

Calculation speed vers. amount of data
using lowess normalization with different smooth fa ctors
done on a 1 GHz Celeron Ill with 256 MB Ram using E  xcel 97 under Win NT

10000

lowess regression curve smooth factors

—&—01 —A—03 ——05 -——07 —3-09
< 1000 /
Q
o,
Q
£
c
S
E -
3
o
8 100

10 T
1000 10000 100000
Size of data file [total number of spots]
Calculation speed vers. amount of data
using lowess normalization with different smooth fa ctors
done on a 1.6 GHz Pentium M with 512 MB Ram using E  xcel 2000 at Win XP
10000 4

—8—01 —4A—03 ——05 —e—07 —@-09

lowess regression curve smooth factors /
— 1000 A
[}
o,
Q
E
<
S
K
3
o
8 100 -

10 T
1000 10000 100000

Size of data file [total number of spots]

Figure 61: Lowess performance with different smooth factors
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10 Troubleshooting

We have done our best for programming MADA withany bugs or incompatibilities but we can not
guarantee for the complete absence of any probldarg, you can find some explanations and
solutions for the most common errors. For furtidorimation and our contact address, please refer to

our websitehttp://www.megx.net/mada

a) General

A message referring to macros pops up at MADA start

Excels security setting must allow macros becaua®Mis implemented as VBA macro.

- Select 'Enable Macros' if ask and read chafetup Excel to run MADA

Error 1004: Programmatic accessto Visual Basic Project is not trusted, pops up at MADA start.

- Enable access to Visual Basic projects like desdriit:Setup Excel to run MADA

A message pops up that a reference to an objectidry or dll is missing.

An object library or dll required by MADA is not ailable on your PC or currently blocked

by another application.

- Make sure that all other Excel applications andksbeets are closed before starting
MADA.
- Update your system with the references requiresl,Isstalling MADA on your PC
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b) Import Raw Data

An error message pops up during import.

Avoid the use of special characters or white spacés data file name.

The whole data path should not exceed more tharch&cters.

The import of a delimited file stucks and no or corupted data are imported.

Some programs create data files including 'stragtggracters so that the files can not be

opened with Excel or leading to corrupted data.

- Delete these characters before data import by wstegt editor such as Notepad.

‘ 9pU2erName aellrott

pUter CREMEA

|y T bl A AS. . AT

Figure 62: Example for a 'strange’ character

After import, some names have been misspelled/chaed,

It is a known problem, that Excel could misintetpdentifiers, e.g. the gene name DEC-1 is
interpreted as date and automatically changedDed during import. [Zeeberg et al. 2004]

After importing a delimited file, the values differ entirely from the original data or all data were

extracted into a single column.

The list delimiter and/or decimal separator wasrnteted not correctly because the delimiters

used in the data file does not correspond to tles ohthe operating system.

The standard list delimiter, decimal separator, dgigd group symbol are based on the

regional settings (country code) of your operatigigtem.

List delimiter Decimal separator Digit group symbol
US Windows , (comma) . (dot) , (comma)
German Windows ; (semicolon) , (comma) . (dot)

Figure 63: Examples for default regional settings of different OS

If you run Excel on a German OS, the import of lintieed file created on a US OS will very

likely lead to wrong interpretation.

-60 -



M |croArrayDataAnaIyser MPI Bremen May, 2007
Bl CommaDot.cs - Notepad I AJB[ c [ o [ E T F [ & T H I [
File Edt Seach Help | 1 |Begin Data
Begin Data = 2) Mumber Row Colurmn Mame X Location ¥ Location chl Intensity ch1 Backaround chi Inte) td Dev chl |
Wumber ,Rou, Colunn,Name X Location,¥ Location,chi Intensi 3 1o 1 Standard 0] 287235282 a 4870.83008
1,1,1,Standard,548,520,29723.32617,,0,14870.83008 ,0 21 2|Standard 1040 520| 30636.7344 1] 13893.92773
2,1,2,8tandard,1046,520,30836.73438,0,13893.92773,8 3 1 3 Standard 1640 620, 28622 0606 a 14031.67306
3,1,3,Standard, 1540,520,28522 . 06055 ,0,14031 87305, 0 4 1 4 Standard 2040 520 28412.082 18021.42383
4,1,4,Standard,2048,520,28412. 08203, 0, 18021.42383,0 7 5 £ Standard 2540 520 281246738 17624.95313
51,5

Standard,2548,528 28124.67383,8,17624.95313.8

Comma delimited text file with
a dot as decimal separator

Opened with Excel on US Windows!

A [ B A Bl c | o | E | E |~ H | gy, |
Begin Data,....... 1 1 |Begin Data
2 Number,Row,Column Name X Location,Y Location,ch1 Inte 2 |Number Row Column Name » Location ¥ Locat’ n chi Intensity | 11 Background chl aensity Std Dev ¢ 1
3 1.1.1,Standard,540,520,29723.32617,0,14870.83008,0 3 il 1| Standard 540 420 2.972.332.617 1.487.083.008
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Opened on German Windows,
possible scenario 1

Opened on German Windows,
possible scenario 2

Figure 64: Possible problems with delimited files on different OS

- Try the 'Check and convert non xls files ..." optiorcheck for system compatibility

automatically with the option to create a compaetiile copy if needed or change the regional

settings of your operating system according tadgdamiters used in the file to import.
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Figure 65: Regional settings on a US version of WinNT

The settings can be found at: ‘control pat¥elregional settings', of your operating system.

Note: With Excel 2002 (Office XP) it is now possibleuse a different decimal separator as

the OS defines it. Select: 'Options'" International> ‘Number handling' in Excel.

Unfortunately, problems with different list sepanatcan not be solved here.

Edit

2l

Wiew I Calculation I I General I Transition I Custam Lists I Chart I

Calar International Save Error Checking I Speling Security

Murmber handling

Decimal separatar: I .

r Use system separators

Thousands separatar: I,

Figure 66: Excel 2002, number handling
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c) Extract Data

Error message during data extraction.

Microsoft Excel [ <]

Identifiers prompted variables EXTRACTION OF R&w ta RESULT 1 Gene names: ERROR: Block Start not found!

or data columns defined in the

extraction filter were not found Figure 67: Example for error during extraction

at the raw data file.

- Assure that the raw data were correctly importetie@vise refer toTroubleshooting>
Import Raw Data

- Assure that the appropriate extraction filter walected and check if the filter settings
match to the raw data organisation. Read the chipteaction filterfor more detailed
information.

- Check the raw data if all parameters and channglish should be extracted, are really
exists.

- Are variables prompted correctly typed?
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d) Calculation

Error message ‘formulalength’ pops up during calcuéation.

A formula in Excel is limited to a length of

Calculated formula contains to many characters!

1024 CharaCterS, inClUding hidden parametel Somy, the Chl mean of replicates for ‘Leer’ can not be calculated!

such as the actual path of the workbook. The formula reached excels limitation for mas. formulalength,

After start of calculation, MADA tests the

maximal possible formula length for your _ .
Figure 68: Calculation error

system. The error occurs if a formula reaches

this limit. This could happen at high numbers qfli@tes. Sometimes the reason for high

replicate numbers are empty spots or control sgibteamed the same. With large datasets,

this limit is reached much faster than on smalhdets due to the longer cell reference

numbers:

o ={path{MADA.xIs{sheet} AVERAGE(E1,E2,E3,E4)

«  ={path{MADA xIs}{sheet} AVERAGE(AA12001,AA12002,AA12003,AA12004)

- Different probes should be named different. Detetgty spots from the data set or give
them different names. Try to install MADA in theotadirectory, to shorten the actual file
path.

Outliers are expected but were not found.
There must be a minimum of three replicates fohgaobe within a single dataset to perform
an outlier test, and at least one more than tHeohall replicates must be assigned as
significant.

- Reduce the deviation difference of the outlier teshcrease sensitivity of the test.

The mean of replicate value is zero.

There are more outliers or signals not significaatiove the background as defined by the

'‘Minimum number of replicates that must be assigaedignal’ .

- Adjust the value for 'Minimum number of replicateat must be assigned as signal'.
Note: It is recommended to choose a value accordinigisdfdrmula:

(number of replicates / 2) + 1
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- Adjust the parameter for the significance testfgdk = 2)

- Increase the deviation difference at the outlist.te

The normalised mean of replicate value is zero origsion by zero.
The ratio or intensity values are zero or divisiorby zero.

The corresponding mean of replicate is zero. Reféfrhe mean of replicate value is zero.

Calculated results are incorrect.

Raw data values have been imported in the wrondgeufiormat, so Excel interprets their

decimal symbol in a wrong way or they are seem@sstring.

- The delimiters used in the raw data file must cgpomnd to the ones of the operating
system. Refer to: Aftemporting a delimited file, the values differ ealy from the original
data or all data were extracted into a single colum

- Numbers in a text file should not have quotatiomksaThis could lead to an
interpretation as text string, Excel could not akdte with. Delete the quotation marks in the

raw data file using a tool like Notepad, then impexktract and calculate again.
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e) Plot Chart

There are expected data points missing in the chart

- Plot again and make sure that the missing datagaie available and activated in the
probe selection box, which appears after the wadsbkelection.

- Avalue for the data point was not calculated beeda many signals were defined as not

significant or an outlier. Checkroubleshooting= Calculationfor further information

Names are repeated in the list box and charts.

Labelling and / or colouring do not work properly.

- There are data without a name in the correspormadwgof the dataset. MADA then
interprets the row as end of data set, causingnak@roblems. Name all data rows in the raw
data file, then extract, calculate and plot again.

Bisecting line and / or axis scale is corrupted.Z{gzag lines, very large scale)

- The internal number format of VBA does not fit hetformat expected by Excel. Try to
change the operating systems regional settingotoas decimal separator and ‘comma’ for
the digit group. On Excel 2002 use the similarisg# at the number handling option.
CheckTroubleshooting= Import Raw Datdor further information on regional settings.

Data points in a 'ratio over ratio plot' seem to fdl on a virtually 90° rotated bisecting line.
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Figure 69: Ry-Rx-plot, assignment of wrong channels
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Freeware License Agreement

This software is provided "as-is," without any eegs or implied warranty. In no event shall the auth
be held liable for any damages arising from theaighis software.
Permission is granted to anyone to use this softfearany purpose and to redistribute it, provitieat

the following conditions are met:

1. All redistributions must retain all copyrighttites that are currently in place, and this list of

conditions without modification.
2. The origin of this software must not be misrepreéed; you must not claim that you wrote the
original software. If you use this software to dimite a product, an acknowledgment in the product

documentation would be appreciated but is not requi

3. Modified versions must be plainly marked as sacid must not be misrepresented as being the

original software.

Max Planck Institute for Marine Microbiology
Microbial Genomics Group

Celsiusstr. 1, D-28359 Bremen, Germany

http://www.megx.net/mada

(c) 05.2007
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