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Probe Summarization Algorithms

Definition and Applications

Probe summarization algorithms perform the fo llowing 3 key tasks:

Background Correction
Normalization

e Probe Summarization (i.e. conversion of probe level values to probeset expression values in a
robust, i .e., outlier resistant manner)

The order of the last two steps could differ for different pro be summarization algorithms.

For probe intesnsity measurements from Affymetrix Gene expression chips , one of the algorithms used
in both GeneSpring GX 7.3.1and  GeneSpring GX 9.0 is RMA



RMA

RMA (Robust Multi -array Analysis) is a method for normalizing and summarizing probe -level intensity
measurements from Affymetrix Gene Chips ®. Starting with the probe -level data from a set of Gene
Chips, the perfect -match (PM) values are background -corrected, normalized and finally summarized
resulting in a set of expression measures. The three steps of the process are outlined below.

Background Correction

It has been argued that background correction is the most crucia | step for probe level processing

The background correction used in RMA is a non -linear correction, done on a per -chip basis. Itis is
based on the distribution of PM values amongst probes on an Affymetrix array . PM values are a
mixture of a background signal, caused by optical noise and non - specific binding, plus a signal, which

is what we are trying to detect. The background is estimated as expectation of the signal (S)
conditioned on observed PM val ues (O) , using a kernel density estimation in both GeneSpring GX

7.3.1 and GeneSpring  GX 9.0. However, , however GeneSpring GX 7.3.1 uses direct convolution while
GeneSpring GX 9.0 uses Fast Fourier Transformation.

Normalization

Normalization is necessary so that multiple chips can be compared to each other, and analyzed

together. The normalization procedure is aimed at making the distributions identical across arrays.
The normalization used in RMA is quantile normalization . This usually gives very sharp normalizations
Both GeneSpring GX 7.3.1 and GeneSpring GX 9.0 use quantile normalization. Note that , in this

procedure, all the arrays are used and no chip is discarded based on extreme value considerations.

Summarization

Once the probe -level PM values have been background -corrected and norma lized, they need to be
summarized into expression measures, so that the result is a single expression measure per probe -set, per
chip. The summarization used is motivated by the assumption that observed log -transformed PM values

follow a linear additive m  odel containing a probe affinity effect, a gene specific effect (the expression level)

and an error term. For RMA, the probe affinity effects are assumed to sum to zero, and the gene effect
(expression level) is estimated using median polishing. Median p olishing is a robust model fitting technique,
that protects against outlier probes.

Both GeneSpring GX 7.3.1 and GeneSpring  GX 9.0 use same methodology for summarization



Analyzing Affymetrix Expression Data

GeneSpring GX 7.3.1

The following steps ne  ed to be performed in GeneSpring GX 7.3.1 to analyze Affymetrix gene
expression chips :

Stepl Import Data

Select the data file youw  ant to import in GeneSpring GX 7.3.1 using File > Import Data

R Ellaviey s RXpeliments i € ol0Ia ek

Impaort Data from Datahase I! »

Open Genome or Array 4
View Projects 4

Genome Manager...
Import Genome...

New Window...
New Linked Window:...

Login to Workgroup Server...
Bulk Upload to Workgroup Server...

Copy Genorne from Workaroup Server Look in: IEj RBC Development-cel x| @ &5 EF-
New Pathway 3 RS naal [ tariq_E24h_run1.CEL [ tariq_E72h_runt .CEL
New Seript = tariq_E4h_runz.cEL [ tariq_E24h_run2.CEL [ tariq_E72h_run2.CEL
New Program 4 =) tariq_E4h_run3.ceL tariq_E24h_run3.CEL

Import GeneSpring GX Zip... =) tariq_E16h_runt.cEL [ tariq_E48h_run1.CEL

=) tariq_E16h_runz.cEL [ tariq_E48h_runz.CEL

Load Bookmark File...
tariq_E16h_run3.CEL  [2=] tariq_E48h_run3.CEL

Save Bookmark...

Print Image 4

Save Image 4 .

4 File name: |tariq_Edh_run1 Open I
Close Cri+ R
i - Files of type: [l Files ) -l Cancel ]




Step2 Choos e File format and select the appropr iate genome

GeneSpring GX 7.3.1 automatically recognizes the file format and displays it for standard Affymetrix
expression; Agilent one color and two color; lllumina; and Codelink chips.

File Format

Choose File Format:  [ENAnE AN cMrE Rl =M 1I¥ v

Genome

Selectthe genome (set of genes an the array) for this
data. Ifyour genome does not appear on the list, you can
create a new one hy selecting Create a New Genome.

* Select Genome

%, MG_UT4Bv2 I
—%, MG_UT4CY2

—2, Mouse (011878)

—2, Mouse Development 44K Oligo Microarray (012799)

e
ra

ENouse Development Microarraydxddk (015062)

%, Mouse Oligo Microarray (011978)

%, new_genome

—L"‘{z, New_Human 1A {¥2) Oligo Microarray (012087)

—, Other_MG_U74Av2 ‘

| % RatGenome999g -
" Create a New Genome

|

Next...l Cancel| Help l

Step3 Choose the  Preprocessor

Select the appropriate preproc  essing algorithm i 6 RMAr6d GC R Mdudnight be asked to define the
location of the CDF file or Array Definition file.

% Import Data; Preprocess Data Files

Do you want to preprocess your data files before importing your samples?

RMA File Preprocessor L]
GC RMA File Preprocessor =




Step4 Choose more data files

This window allows you to add more files of the same type to add to your experiment during the
im port process.

% Import Data; Selected Files
rDrives: - 7 | rFiles:- gl ~Selected Files: -

N T T e
tarig_E4h_run1.C 12/21/05 12:18 PN 107788;

~Directories: ————————————
-0 Level I j
D Level I
-0 serap Add All ==
3 Training MateJ

O custom o

Previous... | Ned.. | cancel| Help |

% Import Data; Selected Files

~Drives: “Files: | [Selected Files:

b S T T
— : ; = tariq_E72h_run2.112/21/05 12:28 PN 1071
Directories: — 7 j tariq_E72h_runt.112/21/05 12:26 PN 1057
e Level I ‘ ‘ f i = tarig_E4h_run3.C 12/21/05 12:24 PX1068
-0 Level Il : 7 tarig_E4h_run2.C 12/21/05 12:21 PN1074
e+ serap | : Add All =>> l tarig_E4h_run1.C 12121/05 1218 Pr1077
EH3 Training MatEJ ' 7 S tarig_E48h_run3.112/21/05 12:16 PN 1079
T dw ’ tarig_E48h_nun2.(1 2121105 124 3PA1073_|
HC e 7 Zee Remaove Al ' tariq_E48h_run1.112/21/05 12:10 PN 1063
RBC Dew ; tariq_E24h_run3.112i21/05 12:08 PN 1077,
{vsme Cyt =] tarig_E24h_run2.112/21105 12:05 PH068|
LTIFE s il B A tarin F24h runt 112021051203 Pr1073 7
e g o [l ¢ g

Previous...l Next...'l Canceil Help |
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Step5 Sample Attributes window

This window allows you to add sample attributes, which are required for MIAME compliance. This is an
optional step and can be performed at a later stage as well.

%, Import Data: Sample Attributes

Please select values for sample attributes.

|Sample Name New Attribute. .
Attribute N Array Design Author Experiment Type Labeling Protocol T ——
[attribute uﬂ
Numeric no no no no
1 tarig_E16h_run1.bd MG_UT4Av2
2 tarig_E16h_run2.td MG_U74Av2 Replace Tex.
3 tarig_E16h_run3.bd MG_U74Av2
4 tarig_E24h_run1.bd MG_U74Av2 Fill Davin
5 tarig_E24h_run2.bd MG_UT4Av2
6 tarig_E24h_run3.bd MG_U74Av2
7 tarig_E48h_run1 b MG_U74Av2
8 tarig_E48h_run2.bd MG_UT74Av2
9 tarig_E48h_run3.bd MG_U74Av2
10 tarig_E4h_run1 b MG_U74Av2
1 tarig_E4h_run2 td MG_UT74Av2
12 tarig_E4h_run3.bd MG_U74Av2
13 tarig_E72h_run1.bd MG_U74Av2
14 tarig_E72h_run2.bd MG_UT74Av2
< [ - . 5]

Previous... | Next.l\l Cancel | Help |
Lot




Step6 Experiment Creation

After the data files have been successfully imported and samples have been created, GeneSpring GX
7.3.1 prompts you to create an experiment from these samples.

% Import Data: Create Experiment

14 new samples have been created. Would you
also like to create an experiment from these

samples?
§ No l

Provide an appropriate name for the New Experiment

ve New Experiment

Name |New Experiment
Folder

Project Change Project(s)...

Notes

EHZA Experiments ‘Sample Name =
tarig_E16h_run1.bd
tarig_E16h_run2.bd
tarig_E16h_run3.td
tarig_E24h_run1.td
tarig_E24h_run2.bd
tarig_E24h_run3.td
tarig_E48h_run1 td
tarig_E48h_run2.bd
tarig_E48h_run3.bd
tarig_E4h_run1 bd

tariq_E4h_run2.bd

tarig_E4h_run3.td

tarig_E72h_run1 td
tarig_E72h_run2.bd

Save ! Cancell

EEREEFFFFFEPEE




Step7 New Experiment Checklist

After the Experiment is created, you get the option to define Experiment Normalizations, Parameters,

interpretation and Cross Gene Error Model.

% New Experiment Checklist

You are almostfinished creating your experiment. Before you begin analysis, you
should set up its normalizations, experimental parameters, and error model, and
choose your default experiment interpretation. You may reach these windows using
the huttons helow. Alternatively, you may find them in the Experiments menu.

New Experiment Checklist

O Define Normalizations Normalizations... i

i

Define Parameters Parameters...

O
O Define the Default Interpretation Experiment Interpretation... t
O

Define the Error Model Error Model... l

Close

Step 8 Experiment Normalizations

This window allows you to define what normalization(s) need to be perf

ormed on your data.
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