GeneExpressionAnalysis of aDowno Syndrome Study
Using Affymetrix ® Arrays and Partek® Genomics Suit& 6.6

This tutorial will illustrate how to:

Import Affymetrix® CEL filesand check quality

Add attributes describing the sample groups

Perform exploratory analysis using the PCA scatter plot
Find differentially expressed genes using ANOVA
Generate a list of genes of interest

Add annotations to the gene list
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Note: the workflev described below is enabled in Pa@e®enomics Suite (PGS)
version 6.6. Please contact the Partek Licensing Tedoeasing@partek.corno request
this versioror update the software releasa Help > Checkior Updatesrom the main
command lineThe screenshots shown below may vary across platforms arss acr
different versions of PGS

Description of the Data Set

Down syndrome is caused by an extra copallobr part ofchromosome 21; it is the most

commonnortlethal trisomyin humans. The study used in this tutorial revealed a significant

up-regulation of chromosome 21 genesha&tgene expression level in individuals with
Down syndrome; his dysregulation wasrgely specific to chromosome 21 only and oot
any other chromosomes. This experiment was performed using the Affy@etrix
GeneChig Human U133Aarrays. It include®5 samples taken from 10 human subjects
and 4 different tissues

Theraw data for this study is available as experiment nuri®#£1397n the Gene
Expression Omnibudittp://www.ncbi.nlm.nih.gov/geo/

Data and associated files for this tutooah be downloaded by goingittelp > On-line
Tutorials from the Parte® Genomics Suite (PGS)main menu.
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Importing Affymetrix® CEL Files

Download the datirom the Parte® site to your local disk. The zip file contains both data
and annotation files.
1 For thistutorial, unzip the filego C:\Partek Taining DatdDown_Syndrome_GE
or to a directory of your choosing. Be sure to create a directory or folder to hold
the contents of the zip file
1 Copy or move the annotation files (HEL.33A.cdf, HGU133A.na32.annot, HG
U133A _probe_tab, and cl.all.v2.5.symbatsC:\Microarray Libraries(Copying
the annotation files to the default library location is done because newer
annotation files that are released after the publication of this tutorial may cause
the results to be different than what is shown in the published tutgrial
however,you prefer to download the latest version, you may omit copying the
HG-U133A files to C\Microarray Libraries)
1 Start PGS andetectGene Expressiorfrom theWorkflowspanelon the right sie
of the tool bar in the PG®&ain window Figurel)

‘F; Partek Genomics Suite - Version 6.12.0202 - 1 {empty)

File Edit Transform View Stat Filter Tocls Window Customn  Help
O™ | ke s LLI BTk~ | f M @ Workflows (82,5
~—
1 (empty) » _furrent Selection - chieba
| | | - tmport -
Impart samples
Add sample attributes
Edit sample information
(— Choose sample ID column
P oaqc -
| ’ Analysis
> Visualization
’ Biological Interpretation
] ’ Genomic Integration

|
} Rows: 1] Cols: 0f 4 m Pl =

L

Figure 1: Selecting the gne expression workflow

1 Selectimport samplesunder thdmport sectionof the workflow

1 Selectimport from Affymetrix CEL f ilesandthen clickOK

1 Click theBrowsebutton to select th€:\Partek Training DatsDown_Syndrome
GEfolder. By default, all the files with a .CEL extension are sele(falire?2)
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[~ CEL File Selection

Specify Folder(s) that contain CEL files:

|C:\Partek Training Data\Down_Syndrome-GE

CEL Files to Process (0)

Down Syndrome-Astrocyte-748-1-U133A.CEL
Down Syndrome-Astrocyte-1478-1-U133A.CEL
Down Syndrome-Cerebellum-1218-1-U133A.CEL
Down Syndrome-Cerebellum-1389-1-U133A.CEL
Down Syndrome-Cerebellum-1478-1-U133A.CEL
Down Syndrome-Cerebrum-847-1-U133A.CEL
Down Syndrome-Cerebrum-1218-1-U133A.CEL
Down Syndrome-Cerebrum-1389-1-U133A.CEL
Down Syndrome-Cerebrum-1478-1-U133A.CEL
Down Syndrome-Heart-1218-1-U133A.CEL
Down Syndrome-Heart-1478-1-U133A.CEL
Normal-Astrocyte-1479-1-U133A.CEL
Normal-Astrocyte-1521-1-U133A.CEL z
Normal-Cerebellum-1390-1-U133A.CEL
Normal-Cerebellum-1411-1-U133A.CEL
Normal-Cerebellum-1521-1-U133A.CEL
Normal-Cerebrum-1390-1-U133A.CEL
Normal-Cerebrum-1390-2-U133A.CEL
Normal-Cerebrum-1411-1-U133A.CEL
Normal-Cerebrum-1411-2-U133A.CEL
Normal-Cerebrum-1521-1-U133A.CEL
Normal-Cerebrum-1521-2-U133A.CEL
Normal-Cerebrum-1565-1-U133A.CEL
Normal-Heart-1390-1-U133A.CEL
Normal-Heart-1411-1-U133A.CEL

Figure 2: Selecting the folder and CEL files for the experiment

1 Seled¢the Add File > button to move all theCEL files to the right panel.
Twenty-five CEL files will be processed

1 SelectNext; thelmport Affymetrix CEL Fileslialog is shown irFigure3

i~ Sample Information File (Optional)

l

[~ Output File

|C:\Partek Training Data\Down_Syndrome-GE\Down_Syndrome-GE

useRMA | [ use Germa { | customize... |

[ < Back H Import H Cancel

Figure 3: Configuring import files windw
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1 SelectCu s t o mtb eoefigure the import option§igure4)

Algorithm | Qutputs |

[~ Probes to use in the import

| Probes to Import: [V Interrogating Probes ™ Control Probes

Probe Filtering: & Skip ¢ Include From File " Exclude From File
Filter File: |

[~ Normalization configuration

‘Pre-background Adjustment: [~ Adjust for GC Content

™ Adjust for probe sequence

| Background Correction: " Skip ' RMA Background Correction " GCRMA Background Correction

9]

| Quantile Normalization: Quantile Normalization

4

Distribution File: ‘ Browse...

| Log Probes using Base: 2

| Probeset Summarization: ~ Median Polish

Use Partek Defaults} [Use RMA Defaults] [Use GCRMA Defaults

Library Files...

Figure 4: Configuring the Advanced Import Options

T SelectiL i br ar yo Fti difyetssdoeation of thdibrary folderto be used

and to specify the annotation files to (Beyureb)

#5) Specify File Locations ﬂ

Please Specify Files For:
HG-J133A Files

Affymetrix Library File

C:\Microarray Libraries\HG-U133A.cdf File Up-to-date

Probeset Annotation (Optional)

C:\WMicroarray Libraries\HG-U133A.na32.annot.csv File Up-to-date

Select Al Download
Default Library File Folder
C:Microarray Libraries

[Import Zipped Library Files Search and Copy...

l oK ][ Cancel ]

Figure 5: Specifying Microarray Library files or change the default library diregtor
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PGS will automatically assign the annotation files according to the chip type stored in the
.CEL files. If the annotation files are not available in the library directory, PGS will
automatically download them and store them in the Default Library BlieF

1 The default library locationan be modified at by selecting tBaangebutton in

the Default Library File Folder panel. By default, the library dirgctsrat

C:\Microarray Libraries This directory is used to store all the external libraries

andannotation files needed for analysis and visualizalitve library directory

can also be modified froffools > File Manager

SelectOK (Figureb) to close th&pecify File Locationdialog

Select theOutputs tab from theAdvanced Import Optiordialog (Figure6)

Make sure the output chip images base@®adginal, Summarized, and

Difference values are selected

1 IntheExtract Time Stamp and Dat@i CEL Filepane] makesure theDate
button is selected to extract the chip scan ddtes information can help you to
detect if there is batch effects caused by the process time

1 SelectOK to exit theAdvanced Import Optiordialog

= =4 =

Chip Images During the Import Cycle
[v Original v Summarized Iv Difference [ Background Adjusted

Extract Time Stamp and Date from CEL File
v Date [ Time ™ Hours from Midnight

Add Statistics on Chip Statistics (Calculated per .cel File)
[~ Raw data [T Median ™ Skewness

™ Logged raw data I Mean [ Kurtosis

[~ Resulting data I~ Standard Deviation I~ Norm
™ Trimmed Mean [0.1 0.9 [T Coefficient of Variation

Select All Clear All

Quality Assess of Gene Expression

This option is used to generate the median of NUSE to QC metrics spreadsheet and a boxplot on NUSE to QC Graphs.

[~ NUSE

igure 6: Speciying Advanced Import Options to create chip images of and extract
scan date from the CEL files

1 Selectimport to exitthelmport Affymetrix CEL Fileslialog Figure3)

T You may see a dial og b o xtheesgidingmgges f youdo
files. This happenbecause the tutorial zip file already contained some of the chip
image files. Selectes
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After importing theCEL files hadinished, thepostimportQGCspreadsheetyhich
summarizes intensity values of the Affymetciantrol probesets, is shown. Also a window
with graphical representations of thentol probesets values appeansigure?).

[ Partek Genomics Suite - Version 6.11.0512 - 1/postimportQC (postimporiQC - Down Syndrome-GE

DeWX LRikk$® LH| Bte- | OO Workflows Gene Expression -
1 (Down_Syndrome-GE) “ _Current Selection Down Syndrome-Astrocyte-748-1-U133A.CEL || IGene Expression
postimportQC (postimportQC - 2. [a, 4 5, 6.

## Qc graphs of spreadsheet 1/postimportgC - SR P s

4| Line Graph |Box plot

13.4

| =
Hybridization |Labeling | 3/5' | Other QC Metrics
Me

W AFFX-r2-P1-cre-avg
B AFFX-r2-Ec-bioD-avg
W AFFX-r2-Ec-bioC-avg |
B AFFX-r2-Ec-bioB-avg

Metrics listed below
order from high to

zlee|n]ela]s]|w]m]-

°
~

$71

Log 2 expression

7.99:

rrrrrrrrr

Sample

Do not automatically show this dialog after import. QCcLmits | @)

Rows: 25 Cols: 24[7 T "_] >

9
Figure 7: QC metrics are shown in the QC graph as well as in the postimportQC
spreadsheet

QC metricsof the QA/QCsection of the workflowprovides quality control information
from control and experimental probes on the Affymétckips to provide confidence in
thequality of the microarray data or to identify samples that doneatQC criteria
Amore detailed usemgle forthe Affymetrix QC modules availablehereor from Help >
On-line Tutorials > User Guides

When you close #0QC graphswindow, the result file will b automatically opened in

PGSasspreadsheet InmedDown_Syndrom&E). You will see 25 rows representing 25
chips and more thaB2,000 columnsepresenting gass in this spreadshedtigure8).
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-
.Panek Genomics Suite - Version 6.11.0512 - 1 (Down_Synd . =
File Edit Transfor View Stat ter Tools Windov
DX k@S  LL | @i~ 0O
= 1 (Down_Syndrome-GE) *_Current Selection Down Syndrome-Astrocyte-748-1-U133A.CEL.pimg )
postimportQC (postimportQC - Ds | 2 ; 6. 7 8. o. 10. 11.
; mmariz| Diffe Filer Chip T Scan Date [1007_s_at [1053 at  |117.at 121_at 1255 g at

07/03/02 10.2934 5.21408 6.29851 8.83625 4.3246

07/02/02 10.5145 5.81907 6.27588 8.75376 4.23023

12/17/02 9.93234 5.254 6.36288 8.74231 4.56094

HG- 12/17/02 9.91115 5.29298 6.30654 9.21148 4.75359

12/17/02 10.023 5.32463 6.35685 8.95035 4.61398

05/23/02 9.93037 5.30983 6.29661 8.81863 4.93154

05/23/02 9.61995 5.34307 6.32989 8.61139 4.45268

05/30/02 9.578 5.4112 6.26629 8.63673 4.4548

Hi A 05/23/02 9.5232 5.37381 6.19998 8.79329 4.40119

12/17/02 8.59014 5.40818 6.32312 8.87466 4.39536

Rows: 25  Cols: 222897 y

3
Figure 8: Viewing the main or tofevel spreadsheetith .CEL file images

1 Double clik on any of the chip image thumbnails to enlarge the imadea
examine the chipRigure9)

* Partek Image Browser

g ’H' 1.0 i< > |Down Syndrome-Astrocyte-748-1-U133A.CEL.pimg 506952 bytes, 712x712

k '

Figure 9: Viewing a chip image
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1 Click on the+ buttonto zoom inonthe image; click on thi buttonto zoom out
The scroll bars on the right and acrosskib#gom of the windownay be needed
to navigate around the imagehigher zoom levels

Thesepseudo chipmages may be usetb identify any anomalies with the chip such as
scratches, hybridization errors, and scanning errors if you suspect there might be a problem

with the chip. This check is usually performaaoutliersin the QA/QCstepof the gene
expression workflow.

For additonal informaton on importing data into PGSeeChapter 4 Importing and

ExportingDatai n t he Part ekhds@gs&rsd MaMamdal i s avai
Partek Genomic Suite meflomHe | p > Us e rThesAQVldeip & Ontline

Tutorials > FAQ may also be helpfuls this tutorial only addresses some topics, you

may need to consult the Userdéds Manual for a
features.

It is recommended that you are familiar wWilhapter 6 The Pattern Visualization
Systen!' of the user manudlefore going through the neséction of theutorial.

Adding Sample Information

Twenty-five CEL files (samples) have been imported into P&$howrnn Figure8.
Sample information must be added in order to define the grouping agddlsef the
experiment.

1 SelectAdd sample dtributes in thelmportsection of thavorkflow

1 Choose the optioAdd attributes from an existing columnas shown irFigure
10and selecOK

4 Add Sample Attribut

I
” Specify type
Select a type of sample attribute to add to the spreadsheet.

Q) Add attributes from an existing column
(") Add a categorical attribute

(") Add a numeric attribute

igure 10: Configuring the Add Sample Attriutes dialog

In this tutorial, the fe name (., Down SyndromeéAstrocyte 748Male-1-U133A.CEL)
contains the information aboatparticular sample and is separated by hyp(én

Choosing to split the file name by delimiters will separate the categories into different
columrs as shown irFigurell.
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1 IntheSample Informatiopanel, specy the column labelf_abels 14) asType,

Tissug Gender,andSubject, respectivelyas categorical anskip the othe

columns as shown iRigurell. SelectOK

) Sample Information Creation &J

Please spedfy how you want to split the column

Choose to split your sample by delimiters or fixed widths. Press the Update button to preview results.
- Choose "By dilimiters”if your fields are seperated by certain characters such as commas or underscores.

- Choose "By fixed widths" if your fields are aligned with fixed widths.

'@ By delimiters By fixed width
V| Hyphen (-} Width specification example: 3, 5, 2
| Underscore { _) Spedify width(s) : 1
/| Period (. )

Other delimiters

Update |

Sample Information

‘fou can spedfy the column label of each attribute by editing the label above its respective column. Change the column's type using the drop down menu abaove each

column,

Type Tissue Subject Gender Label 5 Label 6 -
categorical ~ categorical ~ categorical  categorical - _ * skip

Down Syndrome Astrocyte 748 Male 1 U133a =
Down Syndrome Astrocyte 1478 Female 1 U133a

Down Syndrome Cerebellum 1213 Female 1 U133a

Down Syndrome Cerebellum 1389 Male 1 U133A

Down Syndrome Cerebellum 1478 Female 1 U133A

Down Syndrome Cerebrum 847 Female 1 U133a

Down Syndrome Cerebrum 1213 Female 1 U133a

Down Syndrome Cerebrum 1339 Male 1 U133A il
== ~ . - D — :

Cancel
Figure 11: Configuring the Sample Information Creation dialog

1 A dialog window asking if you would like to save the spreadsheet will appear.

SelectYesto save the spreadstevith new sample attributes

1 Makecolumn 8 Subject) random by rightlicking on the column header and

selectingProperties. Select thdRandom Effectcheck boxThe spreadsheet

containing the added sample information is as shéigure12

Note: More details orRandom vs. Fixed Effeatan be found later in this tutorial under the

sectionldentifying Differentially Expressed Genes using the ANOVA

Gene ExpressioAnalaysisoD o wn 6 s S StudylUsimg sfgmetrix® andPGSE
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Tools Window Custorn  Help

A Hrie- | BI®
+ _Current Selection Down Syndrome-Cerebellum-1218-Female-1-J133A.CEL. pimg
1 el 3 1 - G, It 8. e 10,
Chip Type Type Tissue Subject Gender Scan Date
HG-U133A Down Syndrome| Astrocyte 745 Male 070302
strol
HG-U133A Down Syndrome| Astrocyte 1478 Female 07/02/02
HG-U133A Down Syndrome| Cerebellum 1218 Female 12/17f02
HG-U133A Down Syndrome| Cerebellum 1389 Male 12/17f02

Exploratory Data Analysis

At this point in analysis, you would explore the data preliminarily. Do émeg you

expected to be differentially regulated appear to have larger or smaller intensity values?
Do similar samples resemble each other?

The latter question can be explored using Principal Components Analysis (PCA), an
excellent method for reducirand visualizing higldimensional data

1 SelectPrincipal Components Analysis (PCA)in QA/QCsection of the
Workflowsdialog Select6. Typefrom thepanelon the right side. Th8catter
Plot dialog box with your PCA plot will appear as shoim Figure13
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Figure 13: Viewing thePCA scatter plot of the Down syndrome data. Each dot represents
a chip; the color of the dot representstheg p e ( Do wn éo$thesampla or mal )

In the scatter pkpy each point represents a chip (sampla) corresponds to a row on the
top-level spreadseet The color of the dot repsents the type of the sampled represents
aDown syndrome sample and blue represamtsrmal sample. Points that are close
together in the pldbavesimilarintensity valuescross th@robesets on theholechip
(genomeg, andpoints that are far apart in the plot are dissimilar.

1 Left-click on any point in the scatter plot, and the corresponding row will be

highlighted in the spreadsheet
1 While pressinghe mouse whe&own,dragthe mouseo rotate the plot or

chooselte Rotate Modeoption () onthe left side of th&catter Plowindow.
Press and drag the left mouse button to rotate the plot to examine the grouping
pattern or outliers of the data on thetf8grincipal components (PCs)

1 Scrolling the mouse wheel @ down will zoom in and out

As you can see from rotating the pldtete is no clear separation between Down syndrome

and normal samples in this data since the red and blue samples are not separated in space
However, there are other factors that mayasae the data.
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