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1. Import

1.1 Introduction

1.3 Importing the data in GeneMaths XT

Mice that lack the aquaporin-1 gene (AQP-1) are
unableto generate a hypertonic medullary interstitium
in their kidneys. Mc. Reynolds et al.(;) investigated the
gene expression profiles of wild-type mice and AQP-
Inull mice.

In a first step total RNA was isolated from the medullas
of 3 wild type mice and 3 aquaporin-1 null mice. Total
RNA from each sample was amplified before labelling
in the cDNA reaction. The hybridization scheme was
based on a loop design: each sample from an individual
mouse was hybridized to an array four times,
generating four independent replicate measures of that
RNA sample.

This example dataset will be used in order to explain the

workflow of GeneMaths XT. This dataset is publicly
available on the GEO website.

1.2 Downloading the data

1.21Go to the GEO homepage: http://
www.ncbi.nlm.nih.gov/geo (‘Gene Expression
Omnibus’). Click in the box next to ‘Query > GEO
accession’ and type GSE2402.

1.2.2 Press <Go>.

1.2.3Scroll 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) THT

Figure 1-1. Download information.

1.2.4 On the next page select GSE2402_family.soft.gz.

1.2.5 Select <Save> and navigate to the path on your
computer.

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

(1) McReynolds et al., Renal medullary gene expression
in aquaporin-1 null mice, Am ] Physiol Renal Physiol,
288:315-321, 2005.

1.3.1 Start GeneMaths XT by double clicking on the icon

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

1.3.2 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).

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

Import Wizard ==
]
Source ] i1
The Import Wizard guides you through the process of importing data in i

GeneMaths XT and starting a session.

:ﬂ’ " Load an existing GeneMaths XT Session

——" 9 Import a set of files each containing one array
U ~ Typically used for importing files straight from the image analysis software

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

» ® Import from other sources
Ej =~ Examples are databases, internet repositories, XML files, etc.

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

< Back Finish Cancel

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

1.3.4 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).

1.3.5 Click <Next>.

1.3.6 Browse for the file in the File panel. Leave the top
two panels empty (see Figure 1-4).
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Import Wizard

Format

Select the format your data is in from the list.

Format

EBI MIAME
GEO's SOFT series
GEQ's SOFT famil

Description
GEQ is a public internet -
database containing many
datasets,
The SOFT family flle can be
downloaded under ‘Download |
Family' under 'SOFT 1
formatted family file(s)' from
the Full Dataset Record page
on the GEQ website,
Imports the raw data from a
GEQ series into GeneMaths
XT, it may contain multiple il

[ Change Existing Format == ]

[ My Format is notin the List == ]

Figure 1-3. Import wizard: select format.

Import Wizard

Experiment parameters
Spedfy the experiment parameters

Format : GEQ's SOFT family

Name

Spedes

File

...\GSE2402_family.soft

D Time Course Experiment

Browse...
Annotate Genes >3

l Load Experiment ] [ Save Experiment I [SaveExperimenths I

[ <« Back “ Mext = ][

Finish ][ Cancel ]

Figure 1-4. Import Wizard: Input file.

1.3.7 Click <Next>.

1.3.8 Specify the name of the processed file e.g.
GSE2402.xps.

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

1.3.10 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).

1.3.11 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
SpotID in the Text box (see Figure 1-6).

1.3.12Select the third column CHI_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 3-14 as specified in the file. Only for column 2 and
15 the settings need to be changed.

1.3.13 Select the last column and fill out the correct
settings (last row in the list on the next page).

1.3.14 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.

1.3.15 Select ID-REF and hit “>”. ID-REF is now placed
in the right box (see Figure 1-8).

Define Format @
Data Position Column Information
: T
Read column tities Click on a column. lYDE
-
First line of data 1 3
Description
Advanced settings ==
[ Reset all ] [ Go Mext = ] [ MNext & Copy =
Contents ID_REF CH1_MEAN CH1_SD CH1_BKG_MEAN | CH1_BKG_SD CH1_Median C =
Spat ID target tanget emor bilegr target blugr target emor target
1 (Titles) ID_REF CH1_MEAN CH1_5D  CH1_BKG_MEAN CH1_BKG_SD CH1_Median ¢
2 (Data) H3001A01 2709.612 51.631581 2703.628 67,4398 2707.5
3 (Data) H3001A02 2547.869 52.61894 2493.54 32,72922 2551
4 (Data) H3001A03 2090.955 39.88822 2070.43 102.58267 2093
5 (Data) H3001A04 1881.733 37.39945 1875.867 32.6338 1879.5
& (Data) H3001A05 1871.291 48.85985 1873.187 37.14033 1871.5
7 (Data) H3001A06 2040.265 35.69033 2051.15 37.75933 2040.5
3 (Data) H3001A07 4037.167 172,31372 2978.653 832.31544 4039.5
9 (Data) H3001A08 2707.832 37.89914 2694.313 4168223 2703
10 (Data) H3001A09 2070.151 36.42563 2160.084 411.04532 2069 -
F [ 3
< Back ] [ oK ] [ Cancel

Figure 1-5. The Define Format dialog box.
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Define Format @
Data Position Colurmn Information
Read column titles ID_REF Type i
- Text - SpotID -
First line of data 1 -
Description
[ Reset All ] [ Go Next > ] [Next&Copy > ]
Contents ID_REF CH1_MEAN CH1_SD CH1_BKG_MEAN | CH1_BKG_SD CH1_Median |C »
Spat 1D target target emor blgr target blegr target emor target [
1 (Titles) ID_REF CH1_MEAN CHI.SD  CH1_BKG_MEAN CH1_BKG_SD CH1_Median ¢
2 (Data) H3001401 2709.612 5163181 2703.528 67.4398 2707.5
3 (Data) H3001402 2547.869 52.61394 2498.54 §2.72922 2551
4 (Data) H3001A03 2090.955 39.88822 2070.43 102.59267 2093
5 (Data) H3001404 1881.783 37.39945 1878.867 326338 1879.5
6 (Data) H3001A05 1371.291 43.85985 1873.187 37.14033 1871.5
7 (Data) H3001406 2040.265 35.69033 2051.15 37.75933 2040.5
8 (Data) H3001407 4037.167 17231372 2978.653 82.31544 4039.5
9 (Data) H3001A08 2707.632 37.89914 2694.313 41.68223 2708
10 (Data) H3001A09 2070.151 36.42563 2160.084 411.04532 2065 -
4 | 1 3
< Back ] [ OK. ] [ Cancel
Figure 1-6. Settings for the second column.
Define Format @l
Data Position Colurmn Information
Read column titles CH1_MEAN Type QI
- Quantitation - Channel: Target -
First line of data 1 e
Description Background :  Foreground -
[ Reset Al ] [ Go Mext = ] [Next&Copy = ]
Contents ID_REF CH1_MEAN CH1_SD CH1_BKG_MEAN | CH1_BKG_SD CHi_Median |C =~
Spet ID target target emor bkar target blegrtarget emor target [
1 (Titles) ID_REF CH1_MEAN CH1_SD CH1_BKG_MEAN CH1_BKG_SD CH1 Median €
2 (Data) H3001A01 2709.512 51.63181 2703.628 67.4398 2707.5
3 (Data) H3001A02 2547.869 52.61894 2498.54 82.72922 2551
4 (Data) H3001A03 2090.955 39.88822 2070.43 102.59267 2093
5 (Data) H3001A04 1881.783 37.39945 1878.867 32.6338 1379.5
& (Data) H3001A05 1871.291 43.85985 1873.187 37.14033 1871.5
7 (Data) H3001A06 2040.285 35.69033 2051.15 37.75933 2040.5
8 (Data) H3001A07 4037.167 172.31372 2978.653 §2.31544 4039.5
g (Data) H3001A08 2707.632 37.89914 2694.313 41.68223 2703
10 (Data) H3001A09 2070.151 36.42563 2160.084 41104532 069 -
a | 1 ’
< Back ] [ Ok ] [ Cancel
Figure 1-7. Settings for the third column.
Column Type Quantitation
4 (CH1 _SD) Quantitation Target Foreground Error
5 (CH1_BKG MEAN) Quantitation Target Background Value
6 (CH1_BKG SD) Quantitation Target Background Error
7 (CH1_MEDIAN) Quantitation Target Foreground Value
8 (CH1_BKG MEDIAN) Quantitation Target Background Value
9 (CH2_MEAN) Quantitation Reference Foreground Value
10 (CH2_SD) Quantitation Reference Foreground Error
11 (CH2 BKG _MEAN) Quantitation Reference Background Value
12 (CH2 BKG SD) Quantitation Reference Background Error
13 (CH2_MEDIAN) Quantitation Reference Foreground Value
14 (CH2_BKG MEDIAN) Quantitation Reference Background Value
15 (VALUE) Quantitation Ratio Foreground Value
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Import Mapping EXE)|

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

1D _REF ID_REF

Rename

Figure 1-8. The Import Mapping dialog box: step 1.

1.3.16 Click <Next>.

1.3.17 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 1-9).

1.3.18 In the Quantitations panel, use the MEDIAN
quantitations as depicted in Figure 1-9 and the standard
deviations (‘SD’) as their error values. Use the pull down
menu to select the predefined signals.

Import Mapping B

Source
Each array contains some prindpal quantitations. These can be
linked to columns from the format here.

Filter

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

Load the background in a separate layer for each channel

Quantitations

Signal Error
Target CH1_Median » CH15D -
Target Backgr CH1_BKG_Median ~ CH1_BKG_SD v
Reference CH2_Median + CH2SD -
Reference Backar CH2_BKG_Median  + | CH2.BKGSD| =

Figure 1-9. Import Mapping, step 2.

1.3.19 In the next step of the import, you can define an
extra quantitation. In this exercise, we do not need an
extra layer.

1.3.20 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 4 layers (displayed
in the top left panel), 9 row identifiers and 4 column
identifiers (Figure 1-10 and Figure 1-11).

#  ID{Arrays) 1 o
. w =.
geo_accession(Arrays) = .
.. =+
submission_date(Arrays) E =
3 L
source_name_chl(Arrays) _
oL
source_name_ch2 (Arrays) =
o description(Arrays) =
DWW Ww DD WD DD i
= =t = =t =f = W o=t = =t oo oo Range [+
=E=E=EEE=E=EEE=E=EEE
O30 0D WD N 0D DD 0D DD DD Percentz
DO 0000000000

H3001
H3001

Figure 1-10. 6 column identifiers.

H3001406
H3001A07

H30014 & ID_REF(Spots)

H30014
H30014 GB_ACC(Spots)
H30014 MESH(Spots)
H30014 Description(5pots)
H3001E
H3001E Set_Row(Spots)
H3001E Set_Column(Spots)
H3001E

Row(Spots]
H3001E A
H3001E Column(Spots)

H3001E SPOT_ID(Spots)

Liannar

Expression Valugs - | ID_REF({Spots) =

Figure 1-11. 9 row identifiers.

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

by pressing el .



Chapter 1 - Import

: p =
{E File Edit View Selection Tedfields Subset layer Groups Dendrogram Analysis Classification Profiles Script  Window [= =] =]
L IR R - YN TE Y X AN TRt
€ & 5 R Lk e M I Y-

Layers Selection | Dend | Order | m @l :] Histogram | Data Dendrogr + [ *
[ Target Selection Rows: 0 sek i — ]
-4 TargetBackgr N o E|
-4 Reference = E|

[ ReferenceBackgr

D4 D,

lection Columns: 0 selected

ID{Amays) ~
02

ﬁ Complete set (Spots x Arrays) =
Range [4973.80,4973.80]: “

Percentage absent: 0.00 %.

GSM45185
GSM45196
GSM45197
GSM45198
GSM45199
GSM45200
GSM45201
GSM45202
GSM45203
GSM45204
GSEM45205
GSM45206

H3001A01 -
H3001A02 3
H3001A03
H3001A04
H3001A05
H3001A06
H3001A07
H3001A08
H3001A09
H3001A10
H3001A11
H3001A12
H3001B01
H3001B02
H3001B03
H3001B04
H3001B05
H3001B06
H3001B07

NELLPL LY

-

4 LS 3

Comment: Containg all Spots and Arrays -

Imports a session as prescribed in the -

Current subset: Complete set: 15600 x12

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

11

The annotation is automatically done via the import of
the file. A file called ‘loopannot.txt’ contains additional
array information for this dataset and can be found on
our website.

2.0.1 Select ‘Download” in the menu bar of our home
page (www.applied-maths.com) and select ‘Manuals &
Tutorials’. Scroll down the page and select ‘GeneMaths
XT Tutorials’. In the new window, click with your right
mouse button on ‘Array Annotations’ next to ‘Loop
Design’ and select ‘Save Target As...". Save the file as a
text file in a folder on your computer.

2.0.2 Select Textfields > Import.

2.0.3 Select the Arrays aspect and navigate to the
annotation file in the File panel.

2.0.4 Use the ID field in the session and the ID column
in the file to link the data (see Figure 2-1). Select

ChlType and Ch2Type while holding the SHIFT
button. Press <OK>.

2.0.5 Click on the column identifier tab in the Main view.
The new information fields are added to the list of
identifiers (red rectangle).

#  ID{Arrays)

geo_accession(Arrays)

02 . 04 D

submission_date(Arrays)

ID{Amays) «

Al

E source_name_chl (Arrays) =]
L
3 source_name_ch2(Arrays) Range [4973.80,49
o P ta bsent:
E description(Arrays) .
ChlType(Arrays)
Ch2Type(Arrays) H3001A01
H3001A02
l H3001A03

Figure 2-2. New column identifiers.

Import Text Fields

Aspect

Select an aspect: Arrays -

File
Aloopannot.bd

In order to connect the entries from the file to the entries in the
session you should select a column from the file and a field from
the session which contain exactly the same entries,

Link Content

Please select one or more celumn to
import in the session as text fields,

Browse...

Select a field from the seszion: [ID ,l

Select a column from the file: [ID v]

1D

ChlType
Ch2Type

Figure 2-1. Adding new information fields to the list of column identifiers.
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3. Groupings

13

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.

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

3.0.2 In the next window, select Ch1Type from the Name
pull down menu and click <OK> (see Figure 3-1).

Mew Grouping @
MName
ChiType| -
Comment
J
[ OK ] I Cancel J

Figure 3-1. Grouping from Ch1Type.

3.0.3 ChlType is selected as the text field in the next
window (see Figure 3-2). Uncheck ALL the limitations
and click <OK>.

Generate Groups by Field (3]
Source
Text field : Ich 1Type - ‘

Separator for sub-entries {one character)

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

Limnit

(=]
=1

[ Maximum number of groups:

[ Minimurm number of entries:

&
o

[T Maximum number of entries:

[ 0K ] I Cancel J

Figure 3-2. Creating groups based on Ch1Type.

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

3.0.5 Repeat the previous steps for Ch2Type (see Figure
3-4).

3.0.6 Press <Exit>.

Delete Grouping... ]

[~] Enable overapping groups

B * Knockout
B © WidType

E Group
Current Grouping
Ch1Type - Create Mew Grouping... ] l
Existing groups:
Group Members  Query

6 Selects the items in the texttable Amays_fields whose entries in field 7

6 Selects the items in the texttable Amays_fields whose entries in field 7 l&]

Add new...

Rename...
Edit group query
Appearance...

[ Createfromfield... |

-

Figure 3-3. Groups based on Ch1Type.
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Group (==
Cument Grouping
Ch2Type - Create New Grouping... ] [ Delete Grouping. .. ]
Bxisting groups: [7] Enable overapping groups
Group Members Queny
®  Knockout & Selects the items in the texdtable Amrays_fields whose entries in field &
| ] Wild Type & Selects the items in the texdtable Amrays_fields whose entries in field &
] 1 b Create from field...

Figure 3-4. Groups based on Ch2Type.
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4. Visualizing the loop design

GeneMaths XT offers a nice visualization tool to shows
the design of your arrays.

4.0.1 Select View > Draw Design.

4.0.2 Select the array fields containing the sample names
for the Cy5 channel (red, target) and the Cy3 channel
(green, reference); Sample_source_name_chl and
Sample_source_name_ch2 respectively. Select the two
groupings corresponding to each channel and press
<OK> (see Figure 4-1).

In the next window, the set-up of the microarray is
displayed: each sample (3 WT mice and 3 KO mice) is
measured four times (two times labeled with a red dye
and two times labeled with a green dye).

Show Experimental Design @
Subset
Specify a subset of the arrays to draw.

Subset: ICompIete set v]

Samples

Specify the textfields containing the sample
names of each channel

Red channel: Isource_narne_chl v‘

Green channel: Isource_name_chz .‘

Groupings
Optionally spedfy the groupings containing
the experimental factors

Red channel: ICth\-'pe v‘
Green channel: IChZTYIDe v]

Cancel

Figure 4-1. Settings for displaying the experimental
design.

EI Screen Image

[ Zoom in J[Zoom out] I Copy I I Print... ‘

Aquaporin-1 Knockout vs Wild type Mice (Re-spot found)

Groups _
Knockout Mouse 2 Kidney mner Medula aRNA
. Wid Ty pe

o

5

OK ‘ I Cancel ‘

KnockouiMouse 3 Kidney mnerMeduls aRNA

Knockout

SM45198
SM45199
EM45Z00

A
el
et
EEM45197
et
et

w MEEMAEEA 1 Kidney Inner Medu aRNA o

£l

&

m

@ W Type Mouse 1 Kianey Inneriedu 2

Wlld Type Mouse 2 Kidney Inner Meadulz aRNA

Wik Type Mouse 3 Kikdney InmerMeduls aRNA

Figure 4-2. Graphical representation of the loop design.
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5. Preprocessing

17

Prior to the analysis of the data, thorough preprocessing
steps need to be performed. In these preprocessing
steps, sources of variation from the measured
expression values are removed.

5.1 Sources of variation

First we are going to look at the data and its major
sources of variation by creating an ANOVA report.
ANOVA models the measured expression level of each
gene as a linear combination of the major sources of
variation.

5.1.1 Select Layer > Normalization > Anova Report. Fill
out the settings as depicted in Figure 5-1.

5.1.2 Press <OK>. The ANOVA report is displayed (see
Figure 5-2).

The SS-value describes for each effect its contribution to
the global variation in the experiment. From the
obtained ANOVA table we can see that all effects
contribute to the variation. In the preprocessing steps
we are going to remove most sources of variation.

AMOVA model (3]

Layers

Cy5 channel: ITarget ,‘
Cy?3 channel: IRef‘erence ,‘
Subset

Complete set "
Groupings
Which varieties belong to which layer?
Cy5 channel: ICthype - ‘
Cy?3 channel: IChZ‘I’ype .]

Cancel

Figure 5-1. Settings for ANOVA.

5.2 Background correction

First we are going to correct the target and reference
layer for non specific background noise.

5.2.1Select Layer > Data Preparing > Background
Correction. Select the target layers and use the subtract
algorithm (see Figure 5-3). Store the corrected values in
layer Tar_BG_corr.

5.2.2 Press <OK>.

[ ANOVA report

ANOVA model

Red: Target
Green: Reference
Subset: Complete set
Variety red: ChlT .
:n.p'_y ¥ "‘C_ fe po= The overall average signal
aristy gresn: Ch2Type _
Model=u+L+D+AD+G+VGE+AG+DG+e g DI mayfe;ffetct
= ye effec

= AD = Array-dye effect
Source 55 df M5 G = Gene effect
Lrray 2.26401e+011 11 2.05819e+010 VG = Variety-gene effect
Dye 7.259041e+011 1 7.29041e+011 AG = Array-gene effect or SpOt effect
Array*Dye 2.8320%e+011 11 2.57463e+010 DG Dve-gene effect
Gene 2.42757e+012 15599 1.55623e+008 _ ye-g
Spot 9.35145e+011 171589  5.44991e+006 SS = Sums of Squares
Variety*Gene 4.65402e+010 15539 2.98354e+006 daf = Degrees of freedom
Dye*Gene 9.89021e+010 15599 6.34028e+006 MS Mean Squares (= SS/df)
Residual 4,35017e+011 155930  2.78875e4006
Total 5.18182e+012 374399 .

Copy to dipboard I [ oK ]

Figure 5-2. ANOVA report.
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ﬁ Background Correction @
Source
Select a foreground layer [Target v]
Select a background layer [TargetBackgr v]
Destination

() Overwrite the source layer

(@ Specify a new destination layer Tar_BG_corr
Subset
Select a subset: Complete set st

Algorithm
Select which an algorithm to perform a local background subtraction:

This performs an ordinary subtraction of the

Cut-off on half foreground layer minus the background layer.
Minimum positive value This may result in negative values.

Leglinear model
Exponential + normal mod

[ ok || concel |

Figure 5-3. Background correction for the target
layers.

5.23 Apply background correction to the reference
layer. Select Layer > Data Preparing > Background
Correction and use the settings as depicted in Figure 5-4
and store the corrected values in a new layer called
Ref_BG_corr.

ﬁ Background Correction @
Source
Select a foreground layer [Reference v]
Select a background layer ’ReferenceBackgr v]
Destination

() Overwrite the source layer

(@ Specify a new destination layer W
Subset

Select a subset: [Complete set ']

Algorithm

Select which an algorithm to perform a local background subtraction:

This performs an ordinary subtraction of the
foreground layer minus the background layer.
This may result in negative values.

Cut-off on half
Minimum pesitive value

Leglinear model
Exponential + normal mod

[ ok || concel |

Figure 5-4. Background correction for the reference
lavers.

5.3 Variance stabilization

The variance stabilization method (vsn) is a method to
preprocess DNA microarray intensity data. This
transformation is equivalent to the natural logarithm in
the high-intensity range and to a linear transformation
in the low-intensity range. In an intermediate range, the
‘arsinh’ function interpolates smoothly between the two.
An advantage of vsn-transformation over log-
transformation is that vsn works also on values that are
negative after background substraction.

53.1Call the wvariance stabilization R-routine
(Bioconductor) with Layer > Data Preparing > Variance
Stabilization.

5.3.2 Fill in the settings as shown in Figure 5-5 and press
<OK>.

ﬁ Variance Stabilization @

Source

Select asource layer | Tar BG corr .l

Destination
@ Overwrite the source layer

() Specify a new destination layer VarianceStabilized

Subset

Select a subset: [Complete set .l

[ ok || conc

Figure 5-5. Variance stabilization.

5.3.3 Repeat the previous step for the Ref_BG_corr
layer.

5.3.4 Select Layer > Normalization > Anova Report. Fill
out the settings as depicted in Figure 5-6.

AMNOVA model @
Layers
Cy5 channel: [Tar_BG_mrr b ]
Cy3 channel: [Ref_BG_COrI' b ]
Subset
[Complehe set v]
Groupings

Which varieties belong to which layer?
Cy5 channel: [Cthype

Cy?3 channel: [Chz'l'ype

K

-]
v

Figure 5-6. Settings for ANOVA.

5.3.5 Press <OK>. The ANOVA report is displayed.
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ANOVAleport (=3
ANCOVE model T
Red: Tar BG corr
Gresn: Ref BG corr
Subsst: Complete set
Variety red: ChlType
Variety green: Ch2Type
Model=n+A+D+AD+G+VE+AG+DG+e
Source 535 df M5
Array 45623.6 11 4147.6
Dye 225107 1 225107
Lrrayv*Dve 6431.47 11 5E84.679
Gene 2.84773e+006 15589 182.558
Spot 394483 1715889 2.29888
Variety*Gene 37840.2 15589 2.42581
Dye*Gene 45238.7 15533 2.9001
Residual 78819 155590 0.505282 b
Total 3.68125e+006 374399 o

Copytodpboard | [ ok | Figure 5-7. ANOVA report.

From the obtained ANOVA table (Figure 5-7) we can see
that the contribution of all of the effects has dropped
compared to our first ANOVA report (Figure 5-2). The
Gene effect has the highest impact. The Spot effect (=
spots of a gene may contain a different amount of cDNA
on the different arrays) has the second highest impact
followed by the Array effect.

5.4 Normalization

A. Analyzing the data

5.4.1 Select Profiles > Plot Wizard. Select Columns as
orientation and because we want different layers to plot
against each other, select One column, different layers
and click <Next>.

Plot Wizard

Type l L
The Plot Wizard provides an interactive way to obtain the most frequently used 59
plots, Choose the essential festures of your plot here,

Orientation
B O Rows

Subset

- (@) Columns

[Complete zet -

Data
- () Different Columns, one layer

- (@ One Column, different layers

< Back

Figure 5-8. Plot Wizard: step 1.

5.4.2 In the next window select Entries. Select all entries
and click <Next> to move to the next step.

NOTE: To select all entries select the first entry scroll down
the list and select the last entry while holding the CTRL
button.

Plot Wizard

Entries
Collect the entries you want to plot. If you have chosen to plot one profile per
layer multiple selection will be averaged.

Selection: 0 selected of 12

() Group average of grouping Ch2Type Knockout

(@) Entri o
B 0e0_access...  submission...

G5M45185
GSM45196
GSM45197
GSM45198
GEM45199

SOUrCE_Na...
Mar 11 2005
Mar 14 2005
Mar 14 2005
Mar 14 2005
Mar 14 2005
GSM45200 Mar 14 2005

G5M45201 Mar 14 2005 Knockout M...
| n | 3

wild Type ...

[ < Back ][ Next = ][ Cancel

Figure 5-9. Plot Wizard: step 2.

5.4.3 In the third window, select the two transformed
layers Tar_BG_corr and Ref BG_corr. Click “>” and
click <Next>.
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Plot Wizard =5 Plot Wizard ==
Layer L Appearance L
Choose the layer(s) you want to plot data from, &° Choose the visual settings of your plot. .
Layers in Session Layers To Plot Plot Type Color
Ref 56 con L] O seater °
Rferenc Tar_BG_corr ﬁ @ Curve color
ReferenceBaﬁr = @ dne @ () Group color
Target Lh ~) B I =
TargetBackgr ﬂ - mar 3r+x (D Entry color
A) O
o Time
ig ) Boxplot
é () Histogram
] © mapit
I < Back ][ Next > J [ Cancel [ < Back ][ Finish ] [ Cancel
Figure 5-10. Plot Wizard: step 3. Figure 5-11. Plot Wizard: final step.

The plot appears in GeneMaths XT. We need to set the X

5.4.4 In the final window, select MA-plot in the Plot type and Y axes correctly for the plot.

panel and Curve color in the Color panel. Click
<Finish>. (M=log2(Red Intensity/Green Intensity) and

A= v(Red Intensity x Green Intensity)). 5.4.5 Select the Ref_BG_corr layer in the Profiles panel.

Click right and choose Set as y-axis (see Figure 5-12).

5.4.6 Select the Tar_BG_corr layer and choose Set as x-
axis.

5.4.7 Select Profiles > Selected Profile > XY to RI.

5.4.8 Select Profiles > Selected Profile > Lowess Plot.
Press <OK> in the next window. The plot should now
look like the one in Figure 5-13.

% File Edit Selection Textfields View Subset Layer Groups Statistics Analysis  Classification  Profiles  Script Window —[|&| %
O S | Q| b o] L)) k)i [E2]) S st | 3r 355 2B | Yo 50
| TR | € G . i 86.0m | 54 PotVirdo -Gnpeta |
e = ®
Delete Prof\le M i
Change Color... Wild Type i
Edit Profile... Knockout ,
Store Profile... =
Set as x-axis i
ﬂ Complete set (Spots x Arrays) | Set as y-axis N |
| ——— B
oL
| ey '
Ee i
& = ]
2 ¥
In|Ee :
Entries {x-Axis) i
H3001 401 - |
H3001 402 @ i
H3001403 i
H3001404
T T T T T T T T
Ha0mADS - 0 2 4 6 8 10 12 14
Values x I
| [ - | ] » Intensity

Figure 5-12. MA-plot.
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@
ra o
.
@
w
=
<
=

rageColjrootScope, Tar_BG com, Amays_sspect of "GEM4518E", Amrays_aspect of "GEM...

Figure 5-13. MA-plot with the correct axes.

The MA-plot (see Figure 5-13) shows that at a certain
average level of intensities, the ratio M approximates a
certain constant level. However, some deviation in 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.

B. Lowess normalization

5.4.9 Select Layer > Normalization > Lowess. Select the
layers with the transformed intensities (Figure 5-14).

5.4.10 Click <OK> and keep the default settings in the
next dialog.

5.4.11 Click <OK>.

5.4.12 Select the first profile in the Profiles panel. Click
right and choose Edit Profile. Press <OK>.

u [[&verageCalfrontS oo Delete Profile 55
Change Color...
Edit Profile... b

Store Profile..
Set as x-axis

Set as y-axis

« [

Figure 5-15. Edit Profile.

Lowess transformation @

Layers

Remeves coler biases in an intensity dependent way. The input are
two layers of different celors (e.g. Cy3 and Cy5). The values of both
layers will be changed by this cperation in order to remove color bias.

Select a layer of color one: [Ta r_BG_corr ,]

Select a layer of color twe: lRef_BG_corr .]

Subset

Select a subset: ’Compl ete cet -

Smoothing factor

The smoothing factor is the percentage of the peints used in locally
weighted regression.

Specify a smoothing factor (0-1): 04

Degree

Specify the degree of the pelynomial to fit:

Minimum value

Sometimes data at small intensities may not be
trustworthy. Here you can ignore this low intensities
by setting a treshold.

Specify a minimum value to start fitting: -1000

Print tip

The color bias can be different for certain sets of spots e.g. the print tip
which spotted the datapoint or center point and border point. These
sets can best be normalized independently of one-another. This can be
done by specifying a textfield which identifies the sets,

Specify a discriminating text field: ’ vl

Figure 5-14. Lowess Normalization settings.

5.4.13 Repeat the previous step for the other profile in
the Profile panel. The plot should now look like Figure 5-
16. There is a compensation for the intensity dependent
effect. Lowess thus allows for both normalization and
linearization of the data.
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ANOVA model (==
Layers
Cy5 channel: [Tar BG corr Y]
- _BG_
Cy3 channel: [Ref_BG_ccrr v]
Z Subset
B
2 [Ccmplete set ']
E Groupings
§ Which varieties belong to which layer?
i Cy5 channel: [Cthype v]
- Cy3 channel: [Ch?_'l'ype v]

(Pwerage Coliroot Scope, T..

=)
o
=
@
e
=4
=4
=
[
W
B

{(Aversg=Col{rootScops, Tar_BG_com, Anays_sspect of "GSMAS185", Arays_sspect of "GSMAS1SE, Arr...

Figure 5-17. Settings for ANOVA.
Figure 5-16. The MA-plot after Lowess
normalization.

C. Array normalization

5.4.14 Go back to the Main window by clicking on the

In the next step we are going to normalize our two
Complete set tab (see screenshot below).

layers.

[ Complete set: Tar_BG_cor | A4 Flot Window - Complete set 5.4.17 Select Layer > Normalization > Arrays.
B

1 5.4.18 Select the Tar BG_corr layer and store the
normalized array in a new layer called Normalized_Tar.
Do not change the rest of the settings and press <OK>

5.4.15 Select Layer > Normalization > Anova report. Fill (see Figure 5-19).

out the settings as depicted in Figure 5-17.

5.4.19 Repeat the previous step for the Ref BG_corr

5.4.16 Press <OK>. The ANOVA report is displayed layer and store the layer as Normalized_Ref.

(Figure 5-18).

The histograms of the new layers Normalized_Tar and

From the obtained ANOVA table (Figure 5-18) we can Normalized_Ref are now centered around zero.

see that the effects of Dye and Array-dye have dropped
substantially compared to Figure 5-7. By normalizing
the genes we have compensated for the dye effect and
subsequently also for the cross effect of array and dye.

ANOVA report =

ANCOVEA model -

[Red: Tar BG corr

Green: Ref BG corr

Subset: Complete set
Variety red: ChlType
Variety green: Ch2Type
Model=p+A+D+AD+G+VEHAGHDG+e

m

Source df M5

35

LArray 45623.2 11 4147.56

Dye 0.169905 1 0.169905

Lrray*Dye 1.13749 11 0.103409

Gene 2.84773e+006 15599 182.558

Spot 394463 171589 2.29888

Variety*Gene 34257.6 15599 2.19614

Dye*Gene 26621 15599 1.70858

Residual 73317.3 155990 0.470012 =
Total 3.42201e+006 374399 -

coprodsod | [ | | Figyre 5-18. ANOVA report.
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5 Mormalize Arrays

Source

Select a source layer |73 BG corr -

Destination
() Overwrite the source layer

@ Specify a new destination layer Nmmalized_Tarl

Subset

Statistics are based on: Complete set vl

Offset

Select which an algorithm calculates the offset: [A\raragE -

Scaling

Select which an algerithm calculates the scaling: Standard deviation -

[ o

) |

Cancel I

Figure 5-19. Settings for the normalization of the
arrays.

5.4.20 Select Layer > Normalization > Anova report. Fill
out the settings as depicted in Figure 5-20.

AMNOVA model

Layers

Cy5 channel: [Normalized_Tar

Cy3 channel: [Normalized_Ref

Subset

’Complete set

Groupings
Which varieties belong to which layer?

Cy5 channel: [Ch Type

Cy3 channel: [ChZType

z)
z)

Figure 5-20. Settings for ANOVA.

5.4.21 Press <OK>. The ANOVA report is displayed
(Figure 5-21).

From the obtained ANOVA table (Figure 5-21) we can
see that the Array, the Dye and Array-dye effects have
dropped significantly compared to the previous
ANOVA report (Figure 5-18). With these dye and array
effects reduced to the minimum, we can start a
comparison knowing that the major source of variation
will be the expression level of the different genes.

[7) ANOVA report

LNCVA model

Red: Normalized Tar

Green: Normalized Ref
Subsst: Complete set
Variety red: ChlType
Variety gresn: Ch2Type
Model=u+A+D+AD+G+VGE+AG+DG+e

m

Source 55 df M5

Array 9.99577e-007 11 5.08706e-008

Dye 6.58132e-007 1 6.58132e-007

Zrray*Dye 7.44596e-007 11 6.76905e-008

Gene 317727 15599 20.3684

Spot 41598.9 171589 0.242433

Variety*Gene 3524.41 15599 0.225938

Dye*Gene 2963.32 15599 0.189963

Residual 8521.25 155930 0.0546269

Total 374335 3743599 -
Copy to dipboard ] [ O

] Figure 5-21. ANOVA report.
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Now we have a starting point for our statistical analysis.
We are going to perform a LIMMA-test to find
differentially expressed genes between the wild type
and the knockout mice.

6.0.1 Select Profiles > Statistics Wizard. Leave the
orientation on Rows and press <Next> (see Figure 6-1).

Statistics Wizard @

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 a statistic for each Column, i.e. the statistical population
- congists of Rows

Subset
The population is confined to the following subset:

lComplehe zet -

< Back Cancel

Figure 6-1. Statistics Wizard, step 1.

6.0.2 Select General LIMMA from the submenu
‘Independent test (two groups)’.

LIMMA will tests whether the mean of the two
groupings ‘Wild type” and ‘Knockout’ in the two-color
design are equal or not.

6.0.3 Click <Next> (see Figure 6-2).

6.04In the next window, make sure that
Normalized_Ref is selected and the two different
groups in the Ch2Type-grouping. Select p-value as
output and click <Next> (see Figure 6-3).

6.0.5 In the next window, select Normalized_Tar in the
Layer panel, source_name_ch2 (cy3) and
source_name_chl (cy5) in the Samples panel and
ChlType as grouping for the transformed target layer
(Figure 6-4).

Statistics Wizard @

Statistic
Choose which statistical quantity you want to calculate,

-1l Summarizing Description

Ml Independent test (two group: This is the LIMMA tool which compares the

Ml Independent t-test contrast between two factors for a

\l Independent Welch t-tesi generalized two-color design.

Ml Independent error t-test In GeneMaths XT for each color there is a

Al Mann-Witney test layer which contains values, a textfield with
the sample names and a grouping which

7] contains the factor of interest, This defines

Yl Reference LIMMA mode! the topology of the design.

\ll GSEA Independent t-test The LIMMA tests whether the mean of the

\l GSEA Mann-Witney t-test two factors are equal or not. The LIMMA-test

Sl Local Pocled Error assumes the data is log-transformed or

-

=

equivalent,
Sl z-5core a
- I Independent test {multiple gri
=Yl Paired tests
] W b
I < Back ][ Next = ] l Cancel I

Figure 6-2. Statistics Wizard, step 2: selecting the
test.

Statistics Wizard =3

Parameters
Fixes the other parameters needed to calculate the statistic.

Layer
Mormalized_Ref -
Groups
Grouping ChZType -
Group 1 |Knockout - Group 2 | Wild Type -
Output
) Test value
@ p-Value

Extra Parameters >3

{ < Back ” MNext > ]l Cancel ]

Figure 6-3. Statistics Wizard, step 3.

6.0.6 Do not use a correction for multiple testing in the
fourth step.
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Limma parameters @
Cy5 layer

Specify the layer containing the values of
Cy5 channel

Cy5 channel: [Ncrmalized_Tar -

Samples

Specify the textfields containing the sample
names of each channel

Cy3 channel: ’source_name_chz v]
Cy5 channel: ’source_name_d'1 i - ]
Groupings

Spedfy the groupings containing the
experimental factors. Cy3 channel was
specified before.

Cy5 channel: ChiType

K

x)

Figure 6-4. Statistics Wizard, step 4.

6.0.7 Click <Finish>.

6.0.8 Select the newly created profile in the Profiles tab.
Click right on the profile name (see Figure 6-5) and
select Sort From Profile.

i 'IE Complete set: Normalized_Ref | % Plot Window - Complete set |

| Selection | Dendrogram I Crder | Profiles @

the significance of LIMMA model of contrast of
Delete Profile
Edit Profile

Sort From Profile
Store Profile

ol
el
a7
a8
a9

Query from Profile...

Plot View

GSM45
GSM45
GSM45

Figure 6-5. Sort From Profile.

6.0.9 Click right on the Profile panel and select Show as
Numbers (see Figure 6-6).

v Show Error Bars

. v Show Grid

v Show Highlight Ax
Show as Numbers b

Delete Profile
Edit Profile

Sert From Profile
Query From Profile..
Store Profile

Figure 6-6. Show as Numbers.

In the Profile panel, the p-values for the genes are shown.
These p-values give an indication if the mean of the two
groupings (Wild type and Knockout) are the same. Row
entries having a p-value close to 0 indicates that these
genes are differentially expressed between the Wild type
and Knockout mice. In a next step we are going to select
those genes with a p-value smaller than 0.001.

6.0.10 Click right on the profile name in the Profiles tab
(see Figure 6-5) and select Query from Profile.

6.0.11 Set the threshold to < 0.001 and press <OK>.

Profile to Query @

limmaTwoColourIndep{Mormalized_Ref, 'Complete set, 'ChZT

< - 0.001

[ Ok ] ’ Cancel ]

Figure 6-7. Setting a criterion for the test statistic.

6.0.12 Select the Selection tab in the Profile panel. A short
description is given of the selected rows. 85 rows (=
genes) with a p-value smaller than 0.001 are selected
(blue arrow in the Main Window).

Selection |Dendroqram | Order | Profiles-|

Selection Rows: 68 selected

{the significance of LIMMA model of contrast of -
"Knockout™ vs "Wild Type" under the subset Complete set
for the design defined by layer Normalized_Ref (with
grouping and by groupings Ch2Type and samples

Selection Columns: {0 selected

Next we are going to store the selection in a new subset
and look at the descriptions of the differentially
expressed genes.



Chapter 6 - Statistics & Analysis

27

6.0.13 Select Subset > Selection to Subset and give the
new subset the name Differentially expressed. Press
<OK>.

New Subset (==

Name

Differentially expressed|

Comment

Subset tree
(@) Child of the cument subset

"

() Child of the complete sat Cancel

Figure 6-8. Create a new subset.

ﬁ Complete set (Spots x Arrays)
ﬁ Differentially expressed

o

Iz
=

Next we are going to look which genes of the
Differentially expressed subset are downregulated and
which ones are upregulated.

6.0.14 Click on the down arrow next to the array
¥

groupings button e and select ChlType.

Ch1Type is now set as the current grouping.

6.0.15 Select Profiles > Plot Wizard. Select Columns for
the orientation, Differentially expressed as subset and
Different Columns, one layer in the Data panel. Click
<Next>.

Plot Wizard ==

Type o
The Plot Wizard provides an interactive way to obtain the most frequently useb a®
plots. Choose the eszential features of your plot here,

Orientation
&= © Rows Il © columns

Subset

[Dif‘ferential\y expressed -

Data

||||||| (@ Different Columns, one layer

'- (71 One Column, different layers

Figure 6-9. Plot Wizard: step 1.

6.0.16 In the next window select Group average of
grouping ChlType and press <Next> to move to the
next step.

Plot Wizard ==

Entries
Collect the entries you want to plot, If you have chosen to plot ene profile per
layer multiple selection will be averaged.

(@) Group average of grouping Ch1Type

EEnes % ID geo_access...  submission.. . source_na... sour *
G5M45185 GSM45185 Mar 11 2005 Wild Type ... Wild) _
G5M45196 GSM45196 Mar 14 2005 Wild Type ... Kno| ~
G5M45197  G5M45197 Mar 14 2005 wild Type ... Knoi
G5SM45198 GSM45198 Mar 14 2005 wild Type ... wild
GSM45199 GSM45199 Mar 14 2005 Wild Type ... wild
G5M45200 GSM45200 Mar 14 2005 Wild Type ... Kno
G5M45201  GSM45201 Mar 14 2005 KnockoutM... Wid ™

< 1 +

[ < Back ][ MNext > ][ Cancel ]

Figure 6-10. Plot Wizard: step 2.

6.0.17 In the third window, select the Normalized_Tar
layer and click <Next>.

6.0.18 In the final window, select MA-plot in the Plot
type panel and Entry color in the Color panel. Click
<Finish>. (M=log2(Red Intensity/Green Intensity) and
A= v(Red Intensity x Green Intensity)).
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Plot Wizard ==
Appearance ot
Choose the visual settings of your plot. A
FPlot Type Color

() scatter ﬂ () Curve color
© Line @ () Group color
- ﬂ (@) Entry color

(7 Boxplot

() Histogram

¥ [k

@ MA-plot

[ < Back ” Finish ][ Cancel

Figure 6-11. Plot Wizard: final step.

6.0.19 Make sure that no entries are selected by pressing
F4.

6.0.20 Select all entries below the zero of the Y-axis by
pressing the SHIFT button and dragging the left mouse
button over the screen.

\ni -
] .
i - .
; Te . . .-
| ° .
o . e T s
1 -
o o] .
= 1 ]
I i ]
- [ m ]
| [ ] m |
o ] ] L]
e KN L o ma ]
" LN L
-] . ] at® ]
o [ |
T T T T T T
1 0.5 0 05 1 15 2
Intensity

6.0.21 Select Groups > From Row Selection and click
<Add new>.

6.0.22 In the new window, enter a name for the group,
e.g. Downregulated and press <OK>.

Group Mame @

Enter the name of the new group:

Downregulated|

[ OK ] [ Cancel ]

Figure 6-12. Enter a name for the new group.

6.0.23 Press <Yes> to confirm the assignment of the new
group and press <Exit>.

6.0.24 Make sure that no entries are selected by pressing
F4.

6.0.25 Select all entries above the zero of the Y-axis.

6.0.26 Select Groups > Edit Row Groups and click <Add
new>.

6.0.27 In the new window, enter a name for the group,
e.g. Upregulated and press <OK>. Press <Yes> and
press <Exit> to close the window.

6.0.28 Make sure that no entries are selected by pressing
F4. The plot should now look like the one in the next
screenshot:

]

Ratio
.

Intensity

6.0.29 Select several entries in the plot by holding the
CTRL button and clicking with your left mouse button
on the entries.

6.0.30Click on the ‘Differentially expressed:
Normalized_Tar’ tab to go back to the Main window.

6.0.31 The selected entries are marked with a blue arrow
in the Row entries panel. The color codes (upregulated
versus downregulated) are also displayed.

w M H3127E03
= MH3119G08
MW H3076E06
EWH3118A10
= WH3020E02
w WH3108A06
M H3010D03
HH3013F07
MW H3060A406
MWH3120C07
EH3096C11
w MH3010E10

4 | 1] ¢ Expression Valugs «

Figure 6-13. Selected entries.

6.0.32 In order to find the up- and downregulated genes
in the Normalized_Ref layer, repeat steps 6.0.14-6.0.30
with the Ch2Type set as grouping and the
Normalized_Ref as layer.
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