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1. Import

1.1 Downloading the data

An example dataset will be used in order to explain the
workflow of GeneMaths XT. This dataset is publicly
available on the GEO website (‘Gene Expression
Omnibus”).

1.11Go to the GEO  homepage: http://
www.ncbi.nlm.nih.gov/geo, click in the box next to
‘Query > GEO accession” and type GDS742.

1.1.2 Press <Go>.

1.1.3 Select GSE1652 in the GDS Summary panel next to
Series.

1.1.4 Scroll down the next page and select SOFT
formatted family file(s).

Download family Format
SOFT formatted family file(s) SOFT
MINIML formatted family file(s) MINIML
Series Matrix File(s) TXT

Figure 1-1. Download information.

1.1.5 On the next page select GSE1652_family.soft.gz.

1.1.6 Select <Save> and navigate to a path on your
computer.

1.1.7 Press <Sawe> to save the file in the selected folder.

1.2 Importing the data in GeneMaths XT

1.2.1 Start GeneMaths XT by double clicking on the icon

on the desktop or from the task bar with Start >
Programs > Applied Maths > GeneMaths XT.

1.2.2 Click <Next> in the welcome screen to begin the
import of the data. If the welcome screen does not
appear, choose File > Import Wizard in the GeneMaths
XT Main window. The Import Wizard window pops up
(see Figure 1-2).

1.2.3 Select the fourth option, Import from other sources
and hit <Next>.

Imnport Wizard @

Source =
The Import Wizard guides you through the process of importing data in e
GeneMaths ¥T and starting a session. g - g

;J) _ Load an existing GeneMaths XT Session

=|| > Import a set of files each containing one array
O =" Typically used for importing files straight from the image analysis software

Import one text file containing set of arrays
"I * O Typically used if preprocessing was carried out outside GeneMaths XT

Import from other sources
= Examples are databases, internet repositories, XML files, etc.

L]
v
©

J) Import from an existing experimental design file
= E.g. add arrays to an earlier defined experimental design

Cancel

Figure 1-2. Import wizard: select data source.

1.2.4 Select GEO’s SOFT family in the format list. A
short description of the format is shown in the right
panel (see Figure 1-3).

Import Wizard (5]
s e
Format il
Select the format your data is in from the list. @t Z'
Format Description

EBI MIAME GEO is a public internet -~
GEQ's SOFT series database containing many
datasess.

The SOFT family file can be
downloaded under ‘Download | -
Family' under 'SOFT T
formatted family file(s)' from

the Full Dataset Record page

on the GEO website.

Imports the raw data from a
GEO series into GeneMaths

¥T, it may contain multiple il

I Change Existing Format = I

I My Format is not in the List ==

n
&

Cancel

Figure 1-3. Import wizard: select format.

1.2.5 Click <Next>.

1.2.6 Browse for the stored file in the File panel. You can
leave the top two panels empty (see Figure 1-4).



Two color

Import Wizard

Experiment parameters
Spedify the experiment parameters

Format : GEQ's SOFT family

MName

Spedes

homo sapiens

File
...\G5E1652_family.soft.gz| Browse...
|:| Time Course Experiment Annotate Genes =3
l Load Experiment ] l Save Experiment ] [ Save Experiment As ]
[ < Back ][ MNext = ] [ Finish ] [ Cancel ]

Figure 1-4. Start wizard: Input file.

1.2.7 Click <Next>.

1.2.8 Specify the name of the processed file e.g.
GDS742 .xps.

1.2.9 The Calculation dialog box pops up. The status of
the import of the data is shown (see bottom of the box).

1.2.10 After the processing of the data (this may take a
couple of minutes) GeneMaths XT will prompt to
specify the contents of the columns in the Define Format
dialog box (see Figure 1-5).

1.2.11 Select the second column, ‘ID_REF’ by clicking on
it. The column is highlighted in pink. Specify the kind of
data in this column by changing the settings in the
Column Information panel. Select Text in the Type box
and Spot ID in the Text box (see Figure 1-6).

1.2.12 Select the third column (‘CH1_MEAN).
Quantitation, Target, Foreground and Value are
automatically selected as the settings for the third
column (see Figure 1-7).

GeneMaths XT automatically assigns the correct settings to
columns 3-6 as specified in the dataset file. Only for column 2
and 7 the settings need to be changed.

1.2.13 Select the last column and fill out the correct
settings (last row in Figure 1-8).

Define Format 5]
Data Position Column Information
n
[¥]Read column titles Click on a column. ype
-
First line of data 1 <
Description
Advanced settings >>
[ Reset Al ] [ Go Mext > ] [Next&Copy > ]
Contents ID_REF CH1_MEAN CH1_BKD_MEAN CHZ_MEAN CH2_BKD_MEAN VALUE -~
value target bkgrtarget reference bkar reference Text =
1 {Titles) ID_REF CH1_MEAN  CH1_BKD_MEAN CHZ_MEAN  CH2_BKD_MEAN VALUE
2(Data) 1 10083.0 374 4501.4 3.5 0.870
3 (Data) 2 223.2 41.2 50.0 32 -0.331
4 (Data) 3 274.7 45,2 i70.e 2.3 -2.459
5 (Data) 4 933.3 35.6 3225 4.4 -0.081
6 (Data) 3 358.9 30.6 653.4 38 0.478
7 (Data) ] 896.0 28.3 328.9 1.8 -0.233
8 (Data) 7 149.1 315 18.7 14 0.535
9 (Data) 8 553.3 43.8 199.8 4.4 -0.575
10 (Data) 9 864.8 26.6 396.9 2.2 -0.754
11 (Data) 10 52.5 28.2 3.1 1.9 NULL -
Figure 1-5. The Define format
< Back ] [ Ok ] [ Cancel I dialog bOX.
Define Format =5
Data Position Column Information
Read column titles ID_REF Type I
= Text - Spot 10| -
First line of data 1 =
Description
[ Reset Al ] [ Go Mext = ] [Next&Ccpy > ]
Cortents ID_REF CHI_MEAN | CH1_BKD_MEAN | CH2_MEAN | CHZ_BKD_MEAN VALUE -
Spot ID target bkgr tanget reference bkgr reference Texd =
1 (Titles) ID_REF CHIMEAM  CH1_BKD_MEAN CH2_MEAN  CH2_BKD_MEAN VALUE
2 (Data) 1 10083.0 374 4501.4 3.5 0.870
3 (Data) 2 273.2 41.2 50.0 3.2 -0.331
4 (Data) 3 274.7 45,2 170.9 28 -2.459
5 (Data) 4 933.3 356 322.5 4.4 -0.081
6 (Data) 5 358.9 30.6 68.4 29 0.478
7 (Data) 6 8965.0 28.3 328.9 1.8 0,233
3 (Data) 7 145.1 315 18.7 14 0.535
39 (Data) 8 553.3 43.8 193.8 4.4 -0.575
10 (Data) o 864.8 26.6 396.9 2.2 0.754
11 (Data) 10 52.5 28.2 3.1 19 MULL -
s | [ o ] [ s | | Figure 1-6. Settings for the
second column.
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Define Format @
Data Position Column Information
Read column titles CH1_MEAN e e
= Quantitation Channel: Target hd
Firstline of data 1 -
Description Background :  Foreground -
Character :  Value -
[ Reset All ] [ Go Mext = ] [Next&Copy = ]
Contents ID_REF CH1_MEAN CH1_BKD_MEAN CH2_MEAN CHZ2_BKD_MEAN VALUE -
Spat 1D tanget blegr tanget reference blgr reference Text =
1 (Titles) ID_REF CH1_MEAN  CH1_BKD_MEAN CH2Z_MEAN  CHZ_BKD_MEAN VALUE
2 (Data) 1 10083.0 37.4 4501.4 3.5 0.870
3 (Data) 2 223.2 41.2 50.0 3.2 -0.331
4 (Data) 3 274.7 45.2 170.9 2.8 -2.459
5 (Data) 4 933.3 35.6 322.5 4.4 -0.081
6 (Data) 5 358.9 30.6 68.4 3.9 0.478
7 (Data) -] 896.0 28.3 328.9 1.8 -0.233
8 (Data) 7 149.1 31.5 13.7 1.4 0.535
9 (Data) g 553.3 43.8 199.8 4.4 -0.575
10 (Data) 9 864.8 26.6 396.9 2.2 -0.754
11 (Data) 10 52.5 28.2 31 1.9 MULL - . .
Figure 1-7. Settings for
[ <ges |[ ¢ | [ coel || the third column.
Column Type Quantitation
4 (CH1_BKG_MEAN) Quantitation Target Background Value
5 (CH2_MEAN) Quantitation Reference Foreground Value
6 (CH2 BKG MEAN) Quantitation Reference Background Value
7 (VALUE) Quantitation Ratio Foreground Value

Figure 1-8. Settings for the different columns.

1.2.14 After specifying the correct column information
for all data columns press <OK>.

1.2.15 The Import mapping dialog box pops up asking
you to create a mapping for your data. This mapping
tells GeneMaths XT which quantitations to use in the
session.

1.2.16 Select ID-REF and hit “>”. ID-REF is now placed
in the right box (see Figure 1-9).

Import Mapping

Textfields
Here you can select textfields to be imported into the session.

|

ID_REF

FORBEE

Rename

Figure 1-9. The Import mapping dialog box: step 1.

1.2.17 Click <Next>.

1.2.18 Mark the two checkboxes in the Filter panel of the
next dialog box. Marking these boxes means we want to
load both channels in a different layer and that we want
to have the background for each channel in a different
layer as well (see Figure 1-10).

1.219In the Quantitations panel, use all four
quantitations without an error value (see Figure 1-10),
simply because there are no errors provided in the GDS
file. Use the pull down menu to select the predefined
signals.

1.2.20 In the next step of the import, select VALUE in the
first column, select No error in the second column and
hit “>” (see Figure 1-11). VALUE is now used as an extra
quantitation.

1.2.21 Click <Next>.

GeneMaths XT will import the data in a new session.
The Main window of GeneMaths XT appears as depicted
in Figure 1-12. The session contains 5 layers (displayed
in the top left panel), 3 row identifiers and 5 column
identifiers (see Figure 1-14 and Figure 1-14).

NOTE: Do not forget to save your session on a regular basis

by pressing el .
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Import Mapping
Source
Each array contains some principal quantitations. These can be
linked to columns from the format here.
Filter

Load the background in a separate layer for each channel

Load both target and reference channels in a separate layer
{e.g. Cy3 and Cy5)

Quantitations

Signal Error
Target CH1_MEAN ~  DHiTEaEe
TargetBackar  CH1 BKD_MEAN »  [OOireanEe)
R CH2_MEAN ~  EIEENaE
Reference Backar | CH2_BKD_MEAN)| »  [OOireanEe)

@

Cancel

Figure 1-10. Import mapping: step 2.
#  ID{Arrays)
geo_accession(Arrays)

submission_date(Arrays)

ID(ATays) ~ |

source_name_chl (Arrays)

description(Arrays)

GSM A2
GSM
GSM
GSM
GSM

GSM28421
GSM

=E=Z==
W W wwm
OO0 00

GSM
GSM
GSM
GSM
S

Figure 1-13. The column identifiers.

Import Mapping
Additional Quantitations

Here you can optionally select other quantitations to import as a
layer in the session.

Here you can optionally select other quantitations to import as layers in the

session.
Signal Error Layer
VALUE [>] |vaue

B R B

Rename
Cancel

Figure 1-11. Import mapping: step 3.

12

13

14 # ID_REF(Spots)

:‘]g GB_ACC(Spots)
17 CLONE-ID(Spots)

ID_REF({Spots) « |

+ Expression Values - |

Figure 1-14. The row identifiers.

GeneMaths XT - [chapterl] - [Complete set: VALUE(L)]

{E File Edit View Selection Textfields Subset Layer Groups
& W o - oo
BN e AR R
Selection | Dendrog + [+ | @
E Target Selection Rows: D selected
[ TargetBackgr -
-[[4 Reference
-[[4 ReferenceBackgr
B VALUE(L) =
Selection Columns: 0
= o m oo
“lzazis
ERXES
ﬁ Complete set (Spots x Arra =E=E===
mnmnn
- GO600
e ||y
4 m (3 o @
[ Gop x|
] T 3

) s

Comment: Contains all Spots and
Arrays

-

Imports a session as prescribed in the
experimental design file "C:\Wsers\WPC ~ q

m

GSM28423
GSM28424
GSM28425

Dendrogram  Analysis

aF

GSM28426
GSM28427
GSM28428

Classification

4

f=o =
Profiles  Script  Window - [ =| =
- 2 2
a A ‘ 4 | aill 94 P | 3=
+ -
TR fﬂ|3M S | A0
Histogram | Data Dendrograr * | *
|
4
w
S
Mmoo
285893k 7
R
EEEEE8a0| | Range[-0.13,-0.13]: 1.33%.
g 5 g g g g Percentage absent: 34.85 %.
[CRCRCRL RN

@~ @ ) R

ID_REF(Spots) &

Expression Values

Current subset: Complete set: 4803 x 24

Figure 1-12. The Main window of GeneMaths XT after import of the data.



2. Annotation

2.1 Row annotation

The annotation is automatically with the import of the
file. The spots however, do not yet contain the GO ID as
an identifier.

Several steps are needed in order to get the GO IDs for
the genes. We will start from the GenBank accession
numbers (GB_acc is one of the 3 row information fields,
see Figure 1-14) and convert them to Unigene, then from
Unigene to Entrez and then finally from Entrez to GO
IDs. This is to show that there is a logical connection
between all of these.

Please note that this long procedure is only needed when
using custom arrays. For Affymetrix arrays we can use a
direct import of annotations (see One Color Tutorial and
GSEA Tutorial).

2.1.1 Select Textfields > Annotations > Genbank to
Unigene. Select Rattus norvegicus as the organism and
use GB_ACC as the GenBank ID (see Figure 2-1). Click
<OK>.

Map GenBank to Unigene (=3

Select organism

[RathJs_noruegims - ]

Select the information field containing
GenBank ID

[escc I .

Figure 2-1. Conversion of GenBank accession
numbers to Unigene.

Please be patient while GeneMaths XT is importing.
When finished, you will have an extra row identifier
named Unigene Cluster ID (see Figure 2-2).

# ID_REF(Spots)
GB_ACC(5pots)
CLOME-ID(5pots)
Unigene Cluster ID(5pots)

ID_REF(Spots)

Figure 2-2. Unigene Cluster ID.

2.1.2 Select Textfields > Annotations > Entrez Gene.
Choose Entrez Gene To Unigene and press <OK> (see
Figure 2-3).

Select the type of information (=3

Please specify which information you would like download from
Entrez Gene website,

Entrez Gene To Nucleotide Accession -
Entrez Gene To GO
Entrez Gene To RefSeg

m

—
Entrez Gene To STS5 ID
Entrez Gene To Citations

K

Figure 2-3. Get Entrez information.

2.1.3 In the next window, select the Unigene Cluster ID
(left), the UniGene Cluster (right) and GenelD in the
bottom panel (see Figure 2-4).

Select link fields =3

Mow link the information from the database to your

Select a corresponding row information field and a column

Unigene Cluster ID V] [UniGene duster V]

Select multiple columns to add to your session:

UniGene duster

Ok

Cancel

Figure 2-4. Linking the information.

With these settings the Unigene Cluster IDs are linked to
the UniGene Cluster information in the external
annotation file. GenelD is added to the row information
fields (see Figure 2-5).

# ID_REF({5pots)
GB_ACC(5pots)
CLOME-ID(Spots)
Unigene Cluster ID(Spots)
GenelD(Spots)

ID_REF(Spots) &

Figure 2-5. Gene ID in the list of row identifiers.



10

Two color

2.1.4 Select once more Textfields > Annotations > Entrez
Gene, but this time select Entrez Gene To GO and press
<OK>.

2.1.5 Fill out the next dialog with the settings shown in
Figure 2-6 and press <OK>.

Select link fields (3]

Mow link the information from the database to your

Select a corresponding row information field and a column

IGeneID v‘ IGeneID

Select multiple columns to add to your session:

7
tax_id
GenelD
EQ\::gﬁ;érE View File
GO term
PubMed
LubMe: =
Cancel

Figure 2-6. Adding the GO ID in the final step.

2.1.6 GO ID is added to the list of identifiers. Select GO
ID from the list. The available GO ID(s) for each row
entry is/are shown (see Figure 2-7).

GO:0001558|G0:0003854|G0:0004769|G0:0005783|GO: 0005792
G0.0000137|G0:0000287|G0:0004767|G0:0005624/G0:0005794
G0.0001558|G0:0005515
G0:0001709|G0:0003700|30:0005515|G0:0005634|G0: 0006355
G0:0005215|G0:0005290|G0:0005507|G0:0006810/G0:0006857
G0.0000166|G0O:0003676/3 ID_REF(Spots)
G0:0004872|G0:0005315|3 6B_ACC(Spots)
G0:0000166|G0:0000502|G

G0:0004872|GO:0007275|G CLONE-ID(Spots)
GO:0005615|GO:0007275|G Unigene Cluster ID(5pots)
G0:0005578|G0:0005615|G

G0:0004872|G0:0005515(G GenelD(Spots)
G0.0005529|G0:0005625|G *  GOID(Spots) [

] » [Go D(Spots) « |

Figure 2-7. GO ID in the list of identifiers .

2.2 Column annotation

Four column identifiers are present after import of the
data. In a next step, we are going to split the information
present in the description information field (see Figure
2-8).

description] Amays) -

HYP - 14days - RY
HYP - 14days - RY
HYP - 14days - RY
HYP - 14days - RY
HYP - 14days - RY
HYP - 14days - RY
CHF - 14days - RY
CHF - 14days - RY
CHF - 14days - RY
CHF - 14days - RY
CHF - 14days - RY
CHF - 14days - RY
CON - 14days - RY
CON - 14days - RY
CON - 14days - RY
CON - 14days - RY
CON - 14days - RY
CON - 14days - RY
HYP - 14days - LV
HYP - 14days - LV
CHF - 14days - LV
CHF - 14days - LV
CON - 1ddavs - LV

Figure 2-8. The description column identifier.

2.2.1 Select Textfields > Split. Fill out the dialog box as
shown in Figure 2-9. Press <OK>.

[ Split Text Fields ==l
Aspect
Selectan aspect [ Arrays =
Fields
Select a text field to split [ description -

Separator

The text field will be split every time the following character sequence is encountered

Destination fields

The first part will be left in the source text fields. I you want to preserve the remaining pieces, please
type the new destination field titles separated by commas ().

days,tlssuel

Figure 2-9. Split textfields.

Two column identifiers (days and tissue) are added to
the list of column identifiers (see Figure 2-10).

222 Select the tissue identifier from the list. The
information in the Column names panel is updated (see
Figure 2-10).

ID{Arrays) b
geo_accession(Arrays) z
submission_date(Arrays) g
source_name_chl(Arrays) E
description(Arrays)
days(Arrays)

*  tissue(Arrays) %_

e e
rn:n:n:n:n:n:n:n:n:n:n:n:n:n:n:n:n::i:iﬁﬁz

Figure 2-10. The column identifiers.

As a last step, we will rename the column identifier
description to disease state.

2.2.3 Select Textfields > Rename and fill out the dialog
box as shown in Figure 2-11. Press <OK>.

EI Rename Text Fields @

Aspect

Select an aspect: Arrays i

Field

Select a text field to rename

description -

Type a new name for the field disease state

| ok || conc

Figure 2-11. Rename a textfield.
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With the statistics we want to perform later on in mind,
we need to define groupings, each containing a set of
particular groups. The groupings will then later be the
input for the statistical tools and visualizations.

3.1 Row groups

In the first step, we want to make row groups from the
GO IDs.

3.1.1 Select Groups > Edit Row Groups and click on
<Create New Grouping>.

3.1.2 In the next window, select GO ID from the Name-
pull down menu and click <OK> (see Figure 3-1).

New Grouping @
Mame
GO 10| -
Comment
X
[ oK ] I Cancel I

Figure 3-1. Grouping from the GO IDs.

313 GO ID is selected as the text field in the next
window (see Figure 3-2). As you can see in the gene
identifier list (see Figure 2-7), the same gene can contain
multiple GO 1IDs, separated by a “|” (eg.
GO:0006955 | GO:0005529 | GO:0007166). Use a “|” (a

Generate Groups by Field @
Source
Text field : IGO jin} v‘

Separator for sub-entries (one character) |

Specifying a separator will automatically switch on overlapping
groups, thereby disabeling some statistical tests.

Limit
Maximum number of groups: 50 o
Minimum number of entries: 10 5
Maximum number of entries: ZDD| =
[ oK ] I Cancel J

Figure 3-2. Creating groups based on the GO ID.

pipe) for the delimiter. This will split the multiple IDs
for a certain row entry.

3.1.4 Specify the limitations as shown in Figure 3-2. The
filtering is useful because we do not want small groups,
this would make them useless in further analysis. Click
<OK>.

3.1.5 The groups based on the settings are shown in the
next window (see Figure 3-3).

3.1.6 Press <Exit>.

GeneMaths XT offers the possibility to link a grouping
to a website. We will link the GO ID grouping to the
GO-website. Later on we can use this link when using
statistics reports.

EI Group

Cument Grouping

Delete Grouping... I

Enable overdapping groups

- Add new...

GOID - Create New Grouping... ] l
Existing groups:
Group Members  Query
B * GO:0003083 81 Selects the tems in the texttable Spots_fields whose entries in fiel g
B © GO:00508%6 82 Selects the items in the texdtable Spots_fields whose entries in fiel
B = GO:0003676 84 Selects the items in the texttable Spots_fields whose entries in fiel
_| O GO:0007043 84 Selects the items in the texttable Spots_fields whose entries in fiel
| 4 GO:0008150 84  Selects the tems in the texttable Spots_fields whose entries in fiel
B * GO:0004672 85 Selects the tems in the texttable Spots_fields whose entries in fiel
B ¢ GO0042493 7 Selects the items in the texttable Spots_fields whose entries in fiel
. = GO:0005578 88 Selects the items in the texttable Spots_fields whose entries in fiel
| & GO:0003723 591 Selects the items in the texttable Spots fields whose entries in fiel ™

4 m [3

e
| Edtgowp vey
[ fppearmnce..

[ Createfromfield... |

[ Ba |

Figure 3-3. Groups
based on GO IDs .
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3.1.7 Select Groups > Row Group Link.
P P New Grouping @
3.1.8 In the next dialog box, select GO ID and ‘http:// Name
www.godatabase.org/ cgi-bin/amigo/ go.cgi?action= tissue M
replace_tree&query=###". Click <OK>.
Comment
Grouping website @ i
Grouping B
601D -
[ OK l [ Cancel ]
Grouping
Give a website which contains information about the groups. Fill in
###% where the name of the group is supposed to be. Figure 3-5. Grouping from tissue.
e, org/cgi-binfamigofgo. caitaction=replace_treefiquery=##4 «
Generate Groups by Field (===l
Source
Text field : [tigsue v]

Figure 3-4. Create a group link.

3.2 Column groups

In the next step, we want to make groups from the
column information fields tissue and disease state (see
section 2.2).

3.2.1 Select Groups > Edit Column Groups and click on
<Create New Grouping>.

3.2.2 In the next window, select tissue from the Name-
pull down menu and click <OK> (see Figure 3-5).

3.2.3 Tissue is selected as the text field in the next
window (see Figure 3-6). Uncheck ALL the limitations
and click <OK>.

Separator for sub-entries (one character)

Specifying a separator will automatically switch on overlapping
groups, thereby disabeling some statistical tests.

Limnit

[ Maximum number of groups: 20

[ Minimum number of entries: 10

[ Maximum number of entries: 500

Figure 3-6. Creating groups based on the tissue.

3.2.4 The groups based on the settings are shown in the
next window (see Figure 3-7).

RV = right ventricle

LV= left ventricle

H 2 RY

Group ==
Curmrent Grouping
tissue - Create New Grouping. .. ] [ Delete Grouping... ]
Bxdsting groups: [~ Enable ovedapping groups
Group Members  CGlueny Add new...

- =* v & Selects the tems in the texttable Amrays_fields whose entries in field 7 match the st

18 Selects the tems in the texttable Amays_fields whose entries in field 7 match the st

4 UL}

Delete

Rename...

Edit group query

Appearance...

3 Create from field...

LA

Figure 3-7. Groups based on the tissue.
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Group
Current Grouping
dizease state - Create MNew Grouping... ] [ Delete Grouping... ]

Existing groups: [~ Enable ovedapping groups
Group Members  Query
[ ® CHF & Selects the items in the texdtable Amays_fields whose entries in field 5 match the st
B © Con 8  Selects the items in the texttable Amays_fields whose entries in field 5 match the st
B = HYP 8 Selects the items in the teodtable Amays_fields whose entries in field 5 match the st
4 1 + Create from field...

Figure 3-8. Groups based on the disease states.

3.2.5 Repeat steps 3.2.1 until 3.2.3 for disease state (see
3-8).

CHF = decompensated hypertrophy

CON = control

HYP = compensated hypertrophy

3.2.6 Press <Exit>.
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4.1 The preprocessing diagram

In order to perform data analysis on this dataset, we first
need to preprocess our data.

41.1In GeneMaths XT, select Layer > Preprocessing
diagram.

[7] Edit Warkflow =]

1) Average -
Target Background correction
Clip layer extern

Clip layer intern -
Impute Missing Values |~
Log transform
TargetBackgr Lowess

Normalize arrays
Quantile normalization
Ratio T

Reference

ReferenceBackgr

VALUE(1)

Add

[ o]

[] show relation lsbels [¥]Use animation (] Overwrite by default Cancel

Figure 4-1. Preprocessing window.

In the Preprocessing window, all layers present in the
session are displayed. On the right side of the window,
the preprocessing tools are listed.

4.1.2 Uncheck Overwrite by default.

4.2 Background correction

4.2.1 In the Preprocessing window, select the Target and
TargetBackgr layer. To select both layers hold the CTRL
key.

4.2.2 Select Background correction from the list tools.

A description of this tool is displayed below the list of
preprocessing tools.

4.2.3 Press <Add>. Double clicking on the tool in the list
does the same.

4.2.4 Leave the settings in the next window unaltered
and press <OK>.

425In the next window, store the background
corrected values in a new layer called Tar_BG_corr.

E Destination (=3
Please, pick a destinationcomponentor type the name of a new one:
Tar_BG_corr -
[ QK l l Cancel

Figure 4-2. Define a new destination layer.

NOTE: Make sure you have unchecked the option
Overwrite by default.

4.2.6 Press <OK>.

4.2.7 The result of the background substraction is stored
in the Tar_BG_corr layer.

4.2.8 Click on the arrow in the Background correction
box. Two parameters are displayed.

Target

Background correction

Subset = Complete sEt@
Algorithm = subtract

Tar BG_corr
TargetBackgr

4.2.9 To change the parameters, double click in the pink
box.

4.2.10 Check Exponential + normal model and press
<OK>.

E’ Background correction @
Subset
Select a subset: Complete set -
Algorithm

Select which an algorithm to perform a local background subtraction:

This option fits a exponential + normal model
through the data. This avoids negative values.

Subtraction
Cut-off on half
Minimum pesitive value

Loillnear model

< 0 3

l OK ] I Cancel

Figure 4-3. Background correction settings.

4.2.11 Repeat step 4.2.1 - 4.2.10 for the Reference and
ReferenceBackgr layer. Store the result in a new layer
called Ref_BG_corr and make sure the Exponential +
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[7) Edit Workilow

==

®
Target .
Background correction
Subset = Complete se@
TargetBackgr Algorithm = normexp
Reference
7 Background correction
ReferenceBackgr Subset = Complete se@
Algorithm = nermexp
VALUE(1)

Tar_BG_corr

Ref BG_corr

Average

Clip layer extern
Clip layer intern
Impute Missing Values

Log transform

m| s

Add

.

[ show relation labels Use animation | Overwrite by default

Figure 4-4. The Preprocessing window: Background correction.

normal model is selected from the list of available
algorithms.

The Preprocessing window should now look like Figure
4-4.

4.3 Log transformation

In the next step we are going to make new layers that are
the logarithm of the newly created background
substracted layers (Tar_BG_corr and Ref_BG_corr). The
log transformed layers will have a normal distribution.
This is a prerequisite to perform several statistical tests
on your data.

NOTE: Make sure you have unchecked the option
Overwrite by default in the Preprocessing window.

4.3.1 Select the layer Tar_BG_corr in the Preprocessing
window.

4.3.2 Select Log Transform from the list of preprocessing
tools and press <Add>. Double clicking on the name
does the same.

4.3.3 Store the result of the log transformation in a new
layer called LogTar.

4.3.4 Press <OK>.

4.3.5 Repeat the previous step for the Ref BG_corr
layer. Store the values in a layer called LogRef (see
Figure 4-5).

4.3.6 Press <OK>.

A Calculation dialog box pops. After calculating the
preprocessing steps defined in the Preprocessing
window, the new layers are added to the list of layers in
the Layers window (see Figure 4-6).

[7) Edit Workflow

B
Target
Background correction Tar_BG_corr
Subset = Complete se‘t@
TargetBackgr Algorithm = normexp
| Reference
Background correction Ref BG_corr
ReferenceBackgr Subset = Complete set@
Algerithrm = normexp
] m

Log transform LogTar

3 parameters @

m

Log transform LogRef

3 parameters @ Add

|

[ Show relation labels Use animation  [~] Overwrite by default

Figure 4-5. The Preprocessing window: Log Transformation.
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..... [4 TargetBackgr

..... [4 Reference

..... [d ReferenceBackgr
..... (3 VALUE()

..... Ed Tar BG_corr

..... [4 Ref BG_corr

Figure 4-6. The Layers window with the new
layers.

4.4 Normalization

Plot Wizard
Entries

layer multiple selection will be averaged.

Collect the entries you want to plot. If you have chosen to plot one profie per 8

B3|

Selection: 0 selected of 24

(") Group average of grouping disease state

CHF

(@ Entries
GSM28418
GSM28419
G5M28420
GSM28421

G5M28422
GEM28423
GEM28424

ge0_access...

submission...  source_na... dise

Aug 09 2004
Aug 09 2004
Aug 09 2004
Aug 09 2004
Aug 09 2004
Aug 09 2004
Aug 09 2004

First we are going to take a look at the data as it is now.

4.4.1 Select Profiles > Plot Wizard. Select Columns as
the orientation. Because we want different layers to plot
against each other (LogTar vs. LogRef) select One
column, different layers and click <Next>.

Plot Wizard =

Type .
The Flot Wizard provides an interactive way to obtain the most frequently used 5°
plotz. Choose the essential features of your plot here,

Orientation
. (I Rows

Subset

- @ Columns

[Complebe zet -

Data

- () Different Columns, one layer

- (@ One Column, different layers

Figure 4-7. Plot Wizard: step 1.

4.4.2 In the next window select Entries. Select all entries
and click <Next> to move to the next step (see Figure 4-
8).

4.4.3 In the third window, select the two log transformed
layers LogRef and LogTar. Click “>” and click <Next>
(see Figure 4-9).

4.4.4 In the final window, select MA-plot in the Plot type
panel and Curve color in the Color panel (see Figure 4-
10). Click <Finish> (M=log2(Red Intensity/Green
Intensity) and A= v(Red Intensity x Green Intensity)).

< Back ][ Next = ][ Cancel

Figure 4-8. Plot Wizard: step 2.

Plot Wizard

Layer

Choose the layer(s) you want to plot data from. s

B

Layers in Session

LogRef
Log
Ref BG_corr
Reference
ReferenceBackar
Tar_BG_corr
Target
TargetBackgr
VALUE(L)

Layers To Flot

LogRef
LogTar

[ < Back ][ Mext > ][ Cancel

Figure 4-9. Plot Wizard: step 3.

Plot Wizard

Appearance
Choose the visual settings of your plot,

Plot Type
L] @ scatter
e @ Line
m Bar
| 3d
i Time
183 @ Boxplot
ﬁ () Histogram
] @ MA-plot

Color
3% @ curve color
23| (@ Group color
1i+3 O Entry color

I < Back ][ Finish ]I Cancel

Figure 4-10. Plot Wizard:

final step.
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The plot appears in GeneMaths XT (see Figure 4-11). We
need to set the X and Y axes correctly for the plot.

4.4.5 Select the profile of the LogRef layer in the Profiles
panel (see left panel in Figure 4-11). Click right and
choose Set as y-axis.

4.4.6 Select the profile of the LogTar layer and choose
Set as x-axis.

4.4.7 Select Profiles > Selected Profile > XY to RI.

4.4.8 Select Profiles > Selected Profile > Lowess Plot.
Press <OK>.

The plot should now look like the one in Figure 4-12.

The MA-plot (see Figure 4-12) shows that at a certain
average level of intensities, the ratio M approximates a
certain constant level. However, when A (= intensity) is
below a certain threshold the ratio deviates from this
constant level. This means that the detection levels for
underexpression differ between the two channels. Long
story short, the extreme deviation of the plot is caused
by a difference in sensitivity between the two channels.
A solution for this problem is to use an ‘intensity
dependent normalization’. We will use the Lowess
normalization to compensate for these intensity
dependent effects.

4.4.9 Select Layer > Preprocessing diagram.
4.410In the Preprocessing window, select the LogTar

and LogRef layers. To select both layers hold the CTRL
key.

., Lowess fit of vector (...

(Aarerage Col{root Scope. .

({AverageColrootScope, LogTar, Amays_aspect of "GEM2E418", Arays_aspect of "GEMZEAIT" A...

Figure 4-12. MA-plot with the corrected axes.

4.4.11 Select Lowess from the list of preprocessing tools
and press <Add>. Double clicking on the name does the
same.

The result of the Lowess normalization is stored in the
LogTar and LogRef layers (see Figure 4-13).

4.4.12 Press <OK>.

% File Edit Selection Textfields Wiew Subset Layer Groups Statistics Analysis  Classification  Profiles  Script Window — |l =
0 <9 | X | ) e Les| dhe| e =] o 70| 3r) B8 2B | U 5O
Y | € Conpleteset: Logief | A4 Pt Vindow -Complte cet |
b fyerageColirootScope, LogRel, Anays_aspect of "GS a" ce state . &
-'“ AverageColrootScope, LogT ar, Array Delete Profile —
Change Color... u u ~F !
4l Edit Profile... B O con i
B @ cF
Store Profile...
Set as x-axis
ﬂ Complete set (Spots x Arrays) = ©-
Set as y-axis M
[ |
P
ot —
o 7
o -
4[4 [ .
Entries {x-Axis)
1 - N
n e K| o
1 3
F)
[ | 5 4
Values x T T T T T T T
. 4 6 8 10 12 14 16
<[] . Intensity
Current subset: Complete set: 4803 x 24 STATIC

Figure 4-11. MA-plot.
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LogTar LogTar

Lowess

5 parameters @

LogRef LogRef

Figure 4-13. The Preprocessing window: Lowess.

4.4.13 Select the first profile in the Profiles panel. Click
right and choose Edit Profile (see Figure 4-14). Click
<OK>.

il (1AwerageColrantSooy Delete Profile B416" Az
. Lowess fit of vector [4 Change Color... 5_aspect
Edit Profile... Ik
Store Profile...
Set as x-axis
Set as y-axis
1 [ b

Figure 4-14. The Profiles panel.

4.4.14 Repeat the previous step for the other two profiles
in the Profile panel. The plot should now look like Figure
4-15.

There is a clear compensation for the intensity

dependent effect. Lowess thus allows for both
normalization and linearization of the data.

4.5 Ratio

We are going to substract LogTar and LogRef from each
other in order to calculate the ratio of the layers.

4.5.1 Select Layer > Preprocessing diagram.

4.5.2 In the Preprocessing window, select the LogTar and
LogRef layers. To select both layers hold the CTRL key.

4.5.3 Select Ratio from the list of preprocessing tools and
press <Add>. Double clicking on the name does the
same.

., Lowess fit of vec...

(#erage Col{root Sc..

{{AverageCol{rootScope, LogTar, Amays_sspect of "GESM2ZE418", Amrays_sspect of "GESM284. ..

Figure 4-15. The MA-plot after Lowess
normalization.

4.5.4 Store the values in a new layer called Ratio. Press
<OK>.

LogTar

Ratio Ratio

1 parameters @
LogRef

Figure 4-16. The Preprocessing window: ratio.

4.5.5 Press <OK>.

The Ratio layer is created and is added to the list of
layers in the Layers window.

The new layer Ratio is a good starting point for
statistical analysis. The histogram in the Main window
shows a Gaussian distribution, centered around zero.
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In the last step we will perform an ANOVA test on the
control (CON) and decompensated hypertrophy (CHF)
arrays of the right ventricle (RV).

In a first step we are going to make a subset, containing
all arrays of the right ventricle.

5.0.1 Click on the down arrow next to the column

Wi .

groupings button ~ gii: and select tissue from the

drop-down menu. The tissue is now set as grouping.

5.0.2 Select tissue from the list of column identifiers.

ID(Arrays)
geo_accession(Arrays)

submission_date(Arrays)

tissua{Amays) « |

source_name_chl (Arrays)
disease state(Arrays)
days(Arrays)
*  tissue(Arrays) h

Figure 5-1. List of column identifiers.

5.0.3 In the Group window, select the tissue grouping
from the list of defined groupings (see Figure 5-2).

All groups belonging to the tissue grouping are listed in
the Group window (see Figure 5-2).

5.0.4 CTRL click on the square next to RV (see Figure 5-
2)..

.ﬁssue -]
.. 0 Rv
He v

Figure 5-2. The Group window.

All arrays belonging to the RV (=right ventricle) group
are selected in the Column panel (see Figure 5-3).

4

—
)
E
B
5
@
.m0

Figure 5-3. Selected arrays.

5.0.5 Select Subset > Selection to Subset and name the
subset Right ventricle (see Figure 5-4). Press <OK>.

New Subset (=]

Name
Right ventricle

Comment

Subset tree
(@) Child of the cument subset

() Child of the complete set

Figure 5-4. Creating a subset of the complete set.

5.0.6 In the Main window, the Right ventricle subset is
stored as a subset of the Complete set.

ﬁ Complete set (Spots x Arrays)

ﬁ Right ventride
| [y
3

Figure 5-5. The Subsets window.
5.0.7 Clear the selection by pressing F4.

Next we are going to select the arrays belonging to the
decompensated hypertrophy and control disease state.

5.0.8 First make sure that the Right ventricle subset is
selected in the Main window.

5.09Click on the down arrow next to the array

¥ and select disease state

groupings button ,:
from the drop down menu. The disease state is now set

as grouping.
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5.0.10 Select disease state from the list of column
identifiers (see Figure 5-1).

5.0.11In the Group window, select the disease state
grouping from the list of defined groupings (see Figure
5-6).

All groups belonging to the disease state grouping are
listed in the Group window (see Figure 5-6).

5.0.12 CTRL click on the square next to HYP and CHF
(see Figure 5-6)..

disease state -

N G
HE O con
Hp ¢ o

4| m +

Figure 5-6. The Group window.

All arrays belonging to the CON (= control) and CHF
(decompensated hypertrophy) groups are selected in the
Column panel (see Figure 5-7).

| disease state Arays) «

Figure 5-7. Selected arrays.

5.0.13 Select Subset > Selection to Subset, name the
subset Decompensated vs. Control and enable Child of
the current subset. Press <OK>.

Mew Subset (3]

Name

Decompensated vs. Control]

Comment

Subset tree
(@ Child of the cumrent subsst

() Child of the complete set

Figure 5-8. Creating a subset.

The Subsets window should now look like this:

ﬁ Complete set (Spots x Arrays)

= Right ventrice
H Decompensated vs. Control

5.0.14 Select Profiles > Statistics Wizard. Leave the
orientation on Row set Decompensated vs. Control as
subset and press <Next>.

Statistics Wizard =5
Population

The Statistics Wizard provides an easy and interactive way to obtain statistical
information about your data. Choose the population of the statistic.

Orientation

&, Calculate a statistic for each Row, i.e. the statistical population consists of
= Columns

= Calculate & statistic for each Column, i.e. the statistical population
- consists of Rows

Subset
The population is confined to the following subset:

Decompensated vs. Control -

Figure 5-9. Statistics Wizard, step 1.

5.0.15 Select ANOVA test (under ‘Independent test
(multiple groups)’) from the list and click <Next> (see
Figure 5-10).

Statistics Wizard 5]

Statistic
Choose which statistical quantity you want to calculate.

Tl Summarizing Description

\'l Independent test (two groupy The p-value assodated with the ANOVA test
=-§il Independent test (multiple gr| (analysis by variance) for independent

i samples.,

A kruskal-walis test
A Two way ANOVA
Yl General LIMMA

In GeneMaths XT independent samples for
each gene or array are taken from one layer,
characterizing the independent samples by

Al Reference LIMMA model
Bl Ratio ANOVA model
Yl GSEA ANOVA test

Al =sEA Kruskal-walls test
Wil Paired tests

4 T 3

different non-overlapping groups.

The AMOVA test tests whether the mean of
the samples are equal or not.

The ANOVA assumes normality of the data.

[ < Back ][ Next = l[ Cancel

Figure 5-10. Statistics Wizard, step 2.

5.0.16 In the next window, make sure that Ratio is
selected and the disease state in the Groups panel. Select
p-value as output and click <Next> (see Figure 5-11).
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Statistics Wizard ==

Parameters
Fixes the other parameters needed to calculate the statistic,

Layer

Ratio -

Groups

Grouping  disease state -

Qutput
") Test value

@ p-Value

[ simulated

[ < Back “ Next = ]I Cancel

Figure 5-11. Statistics Wizard, step 3.

5.0.17In the last window, choose the Benjamini &
Hochberg procedure to correct for multiple testing and
press <Finish> (see Figure 5-12).

Statistic Wizard =3

Multiple testing
Choose a procedure to control the family wise error rate (FWER) or false
discovery rate {FOR).

Mone Description
Sidak procedure

Bonferroni procedure
Step-down Holm procedure
Step-down Sidak procedure
Step-up Hochberg procedure

Adjusts the p-values by the Benjamini &
Hochberg procedure.

Controls the FDR.

Benja ochberg pro
Benjamini & Yekutieli procedure
Westfal & Young maxT procedure
q-Value

|| Obtain distribution by permutation

Mumber of permutations: 1000

l < Back ” Finish ]I Cancel

Figure 5-12. Statistics Wizard, step 4.

5.0.18 Click on the newly created profile in the Profiles
tab. Right-click on the profile name and select Sort From
Profile (see Figure 5-13).

Profiles &

Delete Profile
Edit Profile

Sort From Profile [}
Store Profile

CHF
CHF
CHF
CON
CON
CON
CON

Query from Profile...

Plot View

Figure 5-13. Sort From Profile.

5.0.19 Right click in the Profile panel (see Figure 5-14)
and select Show as Numbers.

v Show Error Bars

5 v Show Grid

v Show Highlight Ax
Show as Numbers I}

Delete Profile
Edit Profile

Sort Frem Profile

Store Profile

\ Query From Profile...

Figure 5-14. Show as Numbers.

In the Profile panel, the p-values for the row entries are
shown. These p-values give an indication if the entries
are significantly differentially expressed between the
two groups or not. The lower the p-values the more
differentially expressed.

5.0.20 Right-click in the Profile panel (see Figure 5-14)
and select Query From Profile.

5.0.21 Set the threshold of the p-values to ‘< 0.05" and
press <OK>.

All entries having a p-value of less than 0.05 are selected
(see Figure 5-15)

3 RPN
- bbb Lzzzz= % Range [0.04,0.04]: 3.13°
5 5 5 5 5 6 8 8 8 8 8 . Percentage absent: 0,00

1.5e-3 -» 1467
2.3e-3 » H 3713
2.6e-3 -» 1943
2.6e-3 » 2034
2.6e-3 -» 4036
2.6e-3 -» 4333
2.9e-3 wE 2388
3.3e-3 -» 1745
5.0e-3 » 3078
5.3e-3 -» 1742
5.3e-3 -» 2513
7.7e-3 -» 570
8.6e-3 w» H 1193
8.6e-3 w» HE 3332
0.014 -» 3272
0.051 u 2281
0.064 L 2911
0.067 2040

Figure 5-15. Selected row entries.
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