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This white paper is intended to give existing and new customers and evaluators

a brief overview of the JMP Genomics solution and an introduction to some of the
new features in JMP Genomics 4.0. For more detailed information about specific
processes, please consult the JMP Genomics User Guide, found under Genomics >
Documentation and Help.

I. The JMP°Environment

a. File

The File menu contains options for saving and opening data sets. When saving data
sets in JMP Genomics, the standard File > Save As... option can be used. In the “Save
as type” box, choose SAS Data Set. Clear the “Preserve SAS variable names” box.

Save JMP File As E]

Save in: |;Jgswg v| Q¥ M-

D

My Recent
Documents

Desktop

My Documents

Iy Colmputer iz
5418 File name: | b | [ Save ]

-

Save as type: |SAS Diata Set [* sasvbdat;” 2d2] v| [ Cancel ]

My Network

[] Use SA5 W& Format [.=d2)

&5
[ Preserve S45 variable names

Preserve SAS formats

Figure 1

The File > Save as SAS Data Set function will use SAS°routines to save data and
can sometimes be useful, particularly with large data files.

As part of the configuration following installation of JMP Genomics, the JMP
preferences should have been set to those that are optimal for JMP Genomics. If
you have not done so, or have changed the preferences, click File > Set Genomics
Preferences now. If you wish to change the default locations for files, configure a
proxy server for Internet access, or control the archiving of SAS code generated in
JMP Genomics, this can be done using File > Configure Genomics Settings.
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b. Tables

The Tables menu contains humerous functions for manipulating JMP tables. Keep in
mind that when a SAS data set is open in JMP, JMP treats it as a JMP table, and so
these functions are active. We will show the Subset function later in this document,
and other functions such as Tables > Join or Tables > Concatenate can also

be useful. Note that many of these functions appear to be redundant with those

in Genomics > Data Set Utilities. Choosing the Data Set Utilities functions is
recommended when tables are too large to open in memory, or when it is important
to maintain SAS variable (column) names in a proper format.

c. Rows

The Rows menu contains a number of functions for manipulating row states in JMP
tables. Clicking Rows > Data Filter allows simple and dynamic selection of rows in
a data table for subsequent subset creation and is very useful in filtering graphical
output in JMP Genomics. Note that the Rows menu appears only when a table is
open in the workspace.

d. Columns

Similar to Rows, the Cols menu contains functions for manipulating columns in an
open data table. The Cols > Reorder Columns function can be especially useful
when a group of columns to be deleted all start with the same prefix. Note that
individual columns can also be deleted by selecting the column in the left pane, right-
clicking, then choosing Delete Columns.

Another important tool is Cols > Recode. Often categorical data can have various
values depending on how it was entered. For example, a Gender column may
contain values M, Male, F and Female. JMP will treat all of these as different levels of
Gender. The Recode function makes it simple to create consistency without having
to edit many rows of a table manually.

Recode
~ EEnEEY
Count  Old Value New Value _
2 F fermale
21 female  [female InFlace v
1  Female [|female
1T m male
2 M male
68 male male
Figure 2

Note also in the left pane of an open data table that columns have symbols that
signify different data types. These indicate if the data in the columns is Numeric,
with its associated subtypes, or Character (categorical data). There is a difference
between SAS and JMP in that JMP does recognize subtypes of numeric data,
whereas SAS only differentiates between Character and Numeric data.

2
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Occasionally in JMP Genomics, data will be misclassified during the import process.
For example, there may be a variable with values of O, 1 and 2 that needs to be
treated as numeric for SAS processes, but as part of data collection, missing data
was represented with an “N.A.” This variable will then be classified as categorical.
To change this, double-click the variable header and change the data type to the
desired format.

grade J
‘grade’in Table '0se2980_edf
Column Name | grade O Lock
-Applv
Data Type Mumetic

Maodeling Type m m

Row State
Format ey B
Column Properties

Figure 3

e. Analyze

A number of analysis options are available in the Analyze menu. The Distribution
function is used extensively in output graphs in JMP Genomics and can be very
helpful in assessing design files and other data for consistency of values. Click
Analyze > Distribution, fill in the “Y, Columns” box with the desired variables and
click “OK” to generate the output.

Distribution

The distribution ofwalues in each column

Select Columns Cast Selected Columns into Roles Action
thgeo_accn
thsample_name
thtreatment

optiohal
optional numeric
aptional numearic
Aevent_rfs
dtirme_rfs
devent_dmfs
Atime_drfs
th Calumniame
A prray
Figure 4
f. Graph

JMP Genomics processes have integrated graphical output, but the tools available
under the Graph menu are useful for generating alternative visualizations of JMP
Genomics output. In particular, Graph > Graph Builder is a tool that provides a
flexible and intuitive interface to generate many different types of plots. To explore
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the Graph Builder, bring any data table into focus by clicking it, and then launch the
Graph Builder. Drag columns from the selection box into different parts of the graph
area to generate different types of plots. You may right-click on points to change

graph type.

88 g5e2990_edf- Graph Builder

size vs. grade by treatment

Group X wrap | verE

« tamoxifen

il Columniame v

size
Adnois

Figure 5

Two other tools that can be useful for genomics data reside in the Graph menu:
Graph > Overlay Plot is good for generating scatterplots and positional plots along
chromosomes, and Graph > Cell Plot can be used to generate heat maps.

g. Genomics Menu

The Genomics menu contains the majority of the functions specific to JMP
Genomics. Note that most of these processes use JMP dialogs to gather
parameters, call SAS code behind the scenes and launch results in JMP.
The functions relevant to expression analysis are discussed below.
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Il. JMP° Genomics and SAS°®

a. File Paths

By default, IMP Genomics is installed in the path C:\Program Files\SAS\UMP\8\
Genomics, unless a different path is chosen during installation. Under the Genomics
directory are a number of folders, including the ProcessLibrary, which contains
programs that specify the structure of the interfaces and underlying SAS programs,
and the MacroLibrary, which contains other general macros used by JMP Genomics
processes. You may view these macros. Scripts specifying process dialogs are found
under the user area of Documents and Settings, in the directory C:\Documents and
Settings\<username>\Local Settings\Application Data\JUMPG\ProcessLibrary.

b. Configuration File and Temp Directory Setup

The SAS temp directory is the work directory which holds temporary files created
during an analysis. You may look in this folder while an analysis is running to see the
files being built by selecting Genomics > Documentation and Help > Open SAS
Temporary Folder. If any processes are terminated with Windows Task Manager
before completion, the temporary files will not be deleted and should be deleted
manually by accessing the temp directory. For more information on the configuration
file settings, please refer to the installation and configuration guides for SAS.

lil. Importing Data

a. Data Table Formats

For expression and exon analysis, JMP Genomics requires two files: a design file and
a data file. The design file contains all the information regarding the sample attributes.
You should include as much information as possible about your experiment,
including technical variables (e.g., date or batch), as well as experimental and clinical
variables. Including this type of information will make it easier to understand the
sources of variance in the experiment when you run quality control processes. The
design file has two required columns or variables. The Array column is numeric and
has a unique number for each array. The ColumnName column contains a unique
identifier for each array. JMP Genomics software contains tools to create these
variables, found in the Experimental Design submenu.

The tall data files used for expression analysis contain the gene or probeset
intensities in rows and data from individual samples in columns. The ColumnName
variable is used to merge design information with data during analysis, so each
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column name in the data table must match a ColumnName value in the design file
exactly. Note that the data file can contain more samples than are in the design

file, allowing you to restrict analyses to a particular subset simply by subsetting the
design file. Conversely, the design file cannot contain more ColumnName rows than
there are samples in the data file.

b. Importing Affymetrix Data

In preparation for importing Affymetrix expression data, the Affymetrix Experimental
Design Wizard can help create a design file from Affymetrix Array Attribute (ARR)
files from Affymetrix’s Expression Console or from existing text or Excel file formats.
Note that when importing design information from text or Excel files, your design
file template must contain a column labeled File or FileName, containing the file
names of all the arrays in the study, and at least one column with design information
that will be used in statistical tests (e.g., Treatment). In this example, we will import
from ARR files. These are from the MPRO data sets available at Affymetrix.com.
Select Genomics > Experimental Design File > Affymetrix Experimental
Design File Wizard. Click “Next” and in the following window, name your study
and choose either “Extract information from ARR Files (AGCC format)” or “Import
design information from an existing text, CSV, or Excel file.” We will select the ARR
file option.

Affymetrix Experimental Design Wizard

HHEEH Step 1. Design Set Up

Enter a name for the design file

Study Name {max 8 characters)

Select an Qutput Folder in which to save your design
| ChDocuments and Settings\johillMy Documentsijgdimprol

Indicate the way you want to specify experimental design

information

@ Extract design information from ARR files (AGCC formaty

(@) Impart design infarmation fram an existing text, C5Y, or Excel file

Figure 6

In the next window, indicate that the data comes from an Expression array rather
than a SNP or Exon array, and click “Next.” The following window is titled “Step 2,”
and it asks you to indicate the directory containing your data and ARR files. Note that
if both CEL and CHP types are present in that directory, you will be asked to select
which files to use. If multiple CHP types are present, you will need to select which
ones to include in your design. After this step, an open design file will be displayed.
At any time before you click “Save,” you may add columns or make modifications to
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the open table. The next step is to add a ColumnName variable to the open design
file. This serves as a unique identifier to relate each column of imported data to a
row in the design file. Click the “Create ColumnName” button to display a dialog that
allows you to build a ColumnName variable using other existing variables in the file.
In this case, we will simply duplicate the values in the “FileName” column, and use
these as our “ColumnName” values as well. After this step, click “Save” to save the
design file.

B Affymetrix Experimental Design Wizard

~ Source s Chip__| Sample Name CellType FileName
@ Step 2.1, Verify Experimental Design File 1 [MPRO Hour 0_| MPRO cell ine (Murine Promyelocyte) ATGO clone 2.1 |MPRO_Ohr_A
2 [MPRO Hour 0| MPRO cell line (Murine Promyelacyte) ATCC clone 2.1 |MPRO_Shr_B
3 [MPRO Hour 0| MPRO cell ine (Muring Prormyeiacyte) ATCC clane 2.1 | MPRO_Ohr_C
4 |MPRO Hour 0_| WPRO cell ine (Wuring Promyelocyte) ATCC dlane 2.1 | MPRO_Onr_D
Review and verify the i i _ 5 [MPRO Hour 1| MPRO cell line (Murine Promyelocyte) ATCC clone 2.1 |MPRO_Thr_4
Design File (EDF) JMP table that s displayed in another ~ Golumns (4/0) 6 [MPRO Hour 1_| MPRO cell ine (Wurine Frormyelocye) ATCC clone 2.1 | MPRO_1hr_B
window. 4 chind 7 MPRO Hour 1| |MPRO cellline (Mutine Promyelosyte) ATCC clone 2.1 [MPRO_Thr ©
The nfomation n s e was ctaned o ra cesion & e B e e e s e D
informatian saurce you speciiied (W Fichame yelotyte) ATCC tlone 21 |MPRO_Zhr A
0 10 [MPRO Hour 2 | MPRO cell line (Wurine Promyelacyte) ATCC clone 2.0 |MPRO_Zhr_B
+ The column Chip (or Array) is required and must be unigue for [ 11| MPRO Hour 2 | MPRO cell Ine (urine Promyelacyte) ATCC clone 2.1 | MPRO_Zht_C
eash row. 12 12[MPRO Hour 2 | MPRO cell line (urine Promyelacyte) ATCG clone 2.1 | MPRO_Zhr_D
+ The column FileName (or File) is required and must mateh the 3 13 [MPRO Hour 4_| MPRO cell line (Murine Promyelacyte) ATCC clone 2.1 |MPRO_4hr_A
firstpartofthe name of @ unique DatalRR fie pair e T4 T4[MPRO Hour 4| MPRO cell line (Wurine Promyelocyte) ATCC clone 2.1 | MPRO_4hi_B
5:0ne i ofe atditional gollimns llst cortalnnformabion o [l rows A s 15 |MPRO Hour 4 | MPRO cell line (Wurine Promyelacyie) ATCC clene 2.1 |MPRQ_4hr_C
B e aESERCER CYSHIEATS st ol 18 16[MPRO Hour & | MPRO cell line (Wurine Promyelacyte) ATCC clone 2.1 | MPRO_4hr_D
s Giciconls ling Bl o creas or reseiihe unigue sample Excluded of 17 17[MPRO Hour & [ MPRO cell lins (Wurins Promyelocyts) ATCC clone 2.1 | MPRO_8NT_A
name 10 use for the colurans in your data table, This variable is Hidden of 18 18 |MPRO Hour 8| MPRO cell line (Wurine Promyelacyte) ATCC clone 2.0 |MPRO_Shr_B
Lanelled o 18 19 [MPRO Hour & | MPRO cell ine (urine Promyelacyte) ATCC clone 2.0 | MPRO_Shr_C L
m 20 rﬁPRO Hour8 [ MPRO cellline (Murine Promyelocyte) ATGG clone 21 | MPRO_BH1_D
v

You may rename, recode, of modity any ofhe experimental
variables by editing the table. If experim ental variakles of interest
arenat in this table, please add new columns. You may also
delete umwanted colurns, but do not delete the Chip and
FileName columns, as they are required for data import,

Doutile check that the experimental values correspond o the

appropriate Data file names. VWhen the design table s corrext,
click SAVE to save it and proceed to the data import pragure.

Figure 7

When you click “Save,” the newly created design file, data file directory and output
directory are loaded into either the Affymetrix CHP input engine or CEL input engine.
Note that when working with non-AGCC formatted CHP files or CEL file formats,

the directory containing the appropriate CDF file for that array must be identified.
Note also that the Affymetrix Experimental Design File Wizard and import process
can be used for Affymetrix 3’, exon and whole transcript arrays. When the process

is completed, a message box appears so you can load the imported data directly
into the Basic Expression Workflow window (see below for details). When importing
CEL files, a number of normalization options are available, including RMA for 3’, exon
and ST arrays, and GCRMA for 3’ arrays. In addition, there are options for importing
probe-level data with PM only or PM and MM values. See the JMP Genomics

User Guide chapter on the Affymetrix CEL Input Engine, found under Genomics >
Documentation and Help > User Guide, for more details. When working with very
simple designs with Expression Console data, the Affymetrix Expression CHP Wizard
can also be used. See the JMP Genomics User Guide Supplement chapter on the
Affymetrix Expression CHP Wizard, found under Genomics > Documentation and
Help > JMP Genomics User Guide, for more details.
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c. Importing lllumina Data

You can import lllumina data by simply using the output files from BeadStudio or
GenomeStudio software. JMP Genomics can accept either the Final Report format
from the export wizard or standard TXT file formats. To import lllumina expression
data, go to Genomics > Import > lllumina > Expression. Select the appropriate
file for the “Sample Gene Import File.” Set “Files of Type” to “Text Import Files (*.TXT,
*.CSV, *.DAT).”

B Ilumina BeadStudio Expression Input Engine

Description
lllumina BeadStudio Expression Input Engine imports a text (k) file containing More

General 1 Options 1 Output I
= Gample Gene Profile File

’allummaExp\uutpulm ‘ Choose
Samples File

ClluminaBxmsample outaut ilumina td Choose

Type of File(s)

(@] Exported

@ Final Report
Column Delimiter

O comma

® Tam
* Qutaut Folder

|C.\\IIummaExp\ ‘

* Required Parameter

[ Run ][ Save... ]| Load... 3[ Apply ][SetasDeFau\t][ Reset ][ Cancel ]

Figure 8

The file in the “Samples File” box should be exported from BeadStudio or
GenomeStudio software. If no samples file is available, a design file template
containing only ColumnName and Array will be created. This template can then

be completed manually using the tools in the Experimental Design File menu.

The Options tab allows for filtering based on detection p-values and optional log2
transformation of data. Note that any negative values remaining after filtering will be
set to missing after log2 conversion.

[ Ilumina BeadStudio Expression Input Engine

Description
lllumina BeadStudio Expression Input Engine imports a texd () file containing More...

General Options ‘ Output 1
Number of Rows to Scan [20,10000]

Waximurn Column Length [32,1000]

Cuolumns to Include In Output Data Set
_Signal B
MARRAYS
ARRAY_STDEY
BEAD_STDERR
Avg_NBEADS
Detection_Pwal

Apply Log2 Transformation o Intensities

Filter out genes with detection p-value above
[o61 ]~

for at east this percentage of the samples

[ ], o BN

Detection P-value Gutoff for Seting Individual Intensities to Missing
-U 05 —

*Required Parameter

[ Run ][ Save.. ]\ Load. . ][ Apphy ][SEt as Defaull][ Reset ][ Cancel ]

Figure 9
8
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On the Output tab you can determine settings for naming files and formatting
annotation data in the imported lllumina data set. Keep in mind that selecting the
option “Include in output data set” will include annotation and data in the main data
table for only those probes which passed the filtering criteria you set. However,
choosing the option to create a separate annotation data set will allow you to retain
annotation information for all the probes.

B Ilumina BeadStudio Expression Input Engine

Description
llumina BeadStudio Expression Input Engine imports a text (td) file containing More...

General 1 Qptiohs Qutput I
Cutput Data Set

ilmnexp_data ‘

Qutput Experimental Desian Data et

ilmnexp_design

Annatation Columns

O Include in output data set 2
@ Include in separate annotation data set

O po not output

Output Annotation Data Set

ilmnexp_anno

= Required Parameter

I[ Run ][ Save... ]\ Load. .. 3[ Apply ][EatasDafaull][ Reset ][ Cancel ]

Figure 10
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IV. Data Analysis

a. Basic Expression Workflow

Following import of lllumina or Affymetrix data as described above, a pop-up window
appears that you can use to automatically load the Basic Expression Workflow. Note
that after Affymetrix file import you can choose between the Basic Expression and
Basic Exon Workflow, depending on the type of data set you imported. For lllumina
data, only the Basic Expression Workflow is available.

Click “Basic Expression Workflow.” The dialog is automatically populated with the
experimental design file, the data file and the output directory where your input data
set is stored. You may elect to change the output directory at this time if you wish to
store your results in a different location.

;% Basic Expression Workflow =] a3

Description
This process runs a hasis workflow for expression data, including options for More

General 1 Experimental Design 1 Q¢ and Mormalization I ANOVA I LSMeans Multiple Testing Annotation I Tracks I
* Study Marme

*Input Data Set

Available Variables Label Variable

Probe_sel_D & Probe_Set_ID

MPRO_Ohr_A
MPRO_Dhr_Bi Yariables to Keep in Output or By Which to Merge Annotation Data

WPRO_Ohr_C Frohe-SeL D
WRRO_OhT_D

WPRO_Thr_A

MPRO_Thr_B Chramosome Yariable
WERO_1hr_C -
WRRO_Thr_D
WERO_Zhr_A
WPRO_2hr_8
WRRO Zhr ¢
* Qutput Folder

Pasition Variahle

* Required Pararmeter

[ run J[(save.. J [(toa... ][ moply ] et asDefautt | [ Reset | [ Cancel |

Figure 11
Fill in the “Study Name” and “Label Variable” boxes.

In the Experimental Design tab, select the variables by which to color QC plots and
grouped sets of scatterplots.
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Description

This process runs a basic workflow for expression data, including options for Mare

General  Experimental Design I Q¢ and Normalization } ANOYA ] LsMeans
* Experimental Design Data Set

CAMPROWNRro_design_edited.sas7 hdat =

Available Variables Color Yariables

Chip Sample_Name -
Sample_Name

Cell_Type

Fllenarme Label Variable

Columnhame ColumnMarme

Time

‘ariahles Defining Plotting Groups
Sample_Narme

Multiple Testing

GET

Annotation 1 Tracks 1

*Required Parameter

Sek as Default

Figure 12

The Quality Control and Normalization tab is where you can select post-import
normalization, if desired, and choose when to run QC processes: before or after

normalization, or both.

asic Expression Workflow

escription
This process runs a basic workflow for expression data, including options for More

General Experimental Design Qc and Normalization } ANOWA ‘ Lshieans
Distribution Analysis

Carrelation and Principal Components Analysis
Carrelation and Grouped Seatterplots

Mormalzation Method

NONE
O s
O MeaN
O MEDIAN
O 1R
Run Quality Control Analyses
@ Before Normalization
O #fter Normalization
O soth

Multiple Testing

Annotation I Tracks 1

*Required Parameter

Set as Default

Figure 13

The ANOVA tab is where you set up your model and desired comparisons.

S IN JMP° GENOMICS 4
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+/ Basic Expression Workflow
Description
This process runs a basic workflow for expression data, including options for Mare

General ] Experimental Desion \ QC and Nommalization  ANOYA ‘ L3Means | Multiple Testing | Annotation \ Tracks }
Awvailable Variables Class variahles

Chin Sample_Name

Sample_Name
Cell_Type
FileName
CalurnnMarne
Time

Model these Fixed Effects

Sample_Name -

Adjust variability for these Random Effects
=

| Ceroeme
[ separate and Journal Results by Chromosome

File Containing Estimate

*Required Parameter

Figure 14

The “Class Variables” box should contain variables whose different levels you

want to compare, plus any other variable which may have some impact on your
expression levels. Note that Class Variables are always categorical. For example,

a treatment variable may include values of Control, Treatment 1, Treatment 2, etc.,
but not continuous values of 0, 0.15 or 0.30. In this case, we have only one class
variable, “Sample_Name.” In the “Model these Fixed Effects” box, you should specify
variables that may have an impact on expression values. This must include at least
one Class Variable specified as a Fixed Effect. Other Fixed Effects can be included,
as can continuous variables. If you want to specify interaction or nested variables,
the syntax is A*B or A(B), respectively. IMP Genomics will automatically call the
proper process depending on the complexity of your model.

“Adjust Variability for these Random Effects” is where you specify a variable that
affects your expression analysis and contributes unwanted variance. For example,
arrays that are run in batches over a period of time may have some differences due
to the batch effect. Batch can be listed as a Class Variable, and the variance due to
the batch effect will be removed when it is listed as a Random Effect in the model.

The “Separate and Journal Results by Chromosome” option is useful for large arrays,
allowing the results to be interrogated separately for each chromosome. In order to
choose this option, you must specify a chromosome variable either in the input data
set on the General tab or in the annotation file on the Annotation tab.

The LSMeans tab contains options for forming pairwise comparisons and volcano
plots.

12
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' Basic Expression Workflow

Description
This process runs a basic workflow for expression data, including options for bore...

General } Experimental Design ‘ QC and Mormalization ‘ ANova  LSMeans | ultiple Testing | Annotation } Tracks ‘
Estimate LSheans forthese Fixed Effects

Sample_Mame 7

LSMeans Difference Set for Yolcano Plots

O allPairwise Differences
O simple Differences
@ Differences with a Control

O None
LSMeans Control Levels (use double quates around each levely
["MPRO Hour " I

Cluster Significant LGMean Proiiles

*Required Parameter

Figure 15

In the “Estimate LSMeans for these Fixed Effects” box, type the names of any
variables or interactions for which a comparison is desired. If you are forming
differences with a control, specify the control value, as JMP Genomics will choose
one by default if one is not entered. Note that the value must be in double quotes
and must match exactly the design table value.

The Multiple Testing tab contains options for controlling the multiple testing correction
that is applied to the collection of results. If you requested volcano plots on the LS
Means tab, then the correction is applied to all pairwise comparisons. Otherwise, the
correction is applied to the fixed effects and covariates specified in the ANOVA tab.

% Basic Expression Workflow

Description
This process runs a hasic workflow for expression data, including opfions for More

General 1 Experimental Design 1 QC and Normalization I ANOVA I LSMeans Multiple Testing Annotation I Tracks ‘
Multiple Testing Methad
Alpha [0,1]

-log1 0(p-valug) Cutafl

o

* Required Parameter

Figure 16
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On the Annotation tab, you can specify an annotation data set with supplemental
information such as gene symbols, accession numbers and other identifying
information. Information from this file will be appended to output tables to facilitate
interpretation of results. This annotation data set can come from array manufacturers,
GEO or other sources. If GenBank accession numbers, gene symbols or LocusLink
IDs are present in the annotation file, then specifying them properly in the dialog

on the Annotation tab will allow the creation of buttons in the output that link from
specific results in plots to the appropriate Web databases.

i< Basic Expression Workflow

Description
This process rns a basic workflow for expression data, including options for More

General I Experimental Design 1 QC and Narmalization I ANOVA ‘ LSMeans ‘ Multiple Testing

Annotation Data Set
=)

Annotation ‘ Tracks }

[c1pocuments and D 1_anno sas7hdat

Hailable Yariahles Annotation Merge Yariables

ENTREZ_GENE_ID

EntrezGenelD_1
RefSen_Transeript_ID
Gene_Ontology_Biological_Process
Gene_ontology_Cellular_Companent
Gene_Ontalogy_Malecular_Function

e ==

SPOT_ID

Specles_Scientific_Name Annotation Labe| Variable
Sequence_Type
Sequence_Source

Target_Description Annotation Chramosome Variable
Representative_Public_ID
e Annotation Pasition Variable
Gene_Symbal

GensEym_1

GenBank Accession Yariahle

GBLACC

Gene Symbaol Variahle

GeneSym_1

Gene Description Variahle

Gene ar LocusLink ID Vatiable
EntrezGenelD_1

*Reguired Parameter

Figure 17

If you decide not to merge annotation while running the workflow, you may merge
annotation information after analysis.

The Tracks tab enables the creation of graphical displays of transcript information
to embellish positional plots. For further information, see the JMP Genomics User
Guide.
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b. Results

Basic Expression Workflow results are returned in journal format.

Journal: training

¥ Workflow Journal

Open Workflow Dialog

¥ Process 1 - DataDistribution (training)

¥ Process 2 - DataCorrelation (training)

¥ Process 3 -
ArrayGroupCorrelation (training)

¥ Process 4 - OneWayANOVA (training)

Close All Other Windows

Figure 18

Click “Open Workflow Dialog” to launch the Workflow Builder.

+: Workflow Builder

Description
Workflow Builder enahles you to select and run groups of analytical
processes in seguence.Once created, workflows can be tested, edited,
and reused. All of the results from the submitted processes are saved
into a JMP journal {jrn) file.

General Settings
= Wiorkflow Folder

‘ CiDacuments and Settingslohiliky Docurmentsijgdimprot | )
Change Output Falder to Workflow Falder in Settings Moved to Right Panel
Folder of Available Settings

CiProgram FilesiSASUMPEGenomics\Setings [ hopss

~Workflow to Run
DataDistribution_MPRO
DataCarrelation__MPRO
ArrayGroupGorrelation__MPRO

AffpAnnolmport_ AffeAnno 8
AffyrnetrixnputEngine__AffvmetrizLatinSquare

Up
AffymetrixinputEngine__AffymetrixLatinSouare OneWayANOVA_ MPRO

AffyrnetrixnputEngine__AffvmetrizLatinSquare
AffymetriadholeTxinputEngine_ AfyHuEx_1_

AMOVANormalization_AffymetrisLatinSquare
ANCVANormalization__DrosophilafgingExan
ANOWA__ATYHUEX!
ANOVA_ AffymetrixLatinSquareExample
ANMOVA__DrosophilafgingExample v
Test-Run Parameters

Wihere Clause far Subsetting Input Data Set in Test Run
?

Mumber of Rows in Input Data for Testing Run [1,1000]

JMP Journal Output File

[oero ==

*Required Parameter

[ R [ (save.. | [ toad.. [ caneel |

Figure 19

The “Workflow to Run” box contains the processes used in the Basic Expression
Workflow. A process can be opened by highlighting the process name, then clicking
“Edit.” The settings within each process can be modified, saved and the analysis
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rerun. Note that if you repeat an analysis but do not assign a different name for the
output files (found in the Options tab), the initial results will be overwritten. To rerun
the workflow, we recommend that you specify a new Workflow Folder location and
select “Change Output Folder to Workflow Folder in Settings Moved to Right Panel.”

c. Quality Control Results

i. Distribution

Click “Results” under “DataDistribution” to open the distribution plots. Two graphs
are created: a side-by-side box plot and an overlay of the arrays’ kernel density
estimates. Drill down on the box plots by clicking the red triangle to get more
information, such as quantiles. The resulting values can be converted into a JMP
table by right-clicking and selecting “Make into Data Table.”

Box Plots

v %nna\“au Analueie ~f Response By ColumnName

GQuantiles

Means/Anova

Means and Std Dev
Compare Means 3
Monparamektric 3

UnEqual Yariances
Equivalence Test
Pawer ...

Set Alpha Level 3
Mormal Quantile Plot 3
CDF Plok
= T Tl ol ol = ol ol ol =T ol
Benshbs ¥ R R ORI
Matching Column.... EI 5| 5| gl 5| 5I 5I 5I 5I 5I 5I 5I 5I
Save PO OoOOoOCooOoO0O0o00
: . T v o o w0 o W € 1 S
Display Options | T I I I I R I I E R
Seript ’EEEEEEEEEEEEE
ColumnMName
Freq Count
Figure 20

The other graph, “Overlayed Kernel Density Estimates,” is a view of the intensity
profiles of the arrays in the data set.

4. Overlayed Kernel Density Estimates

|~ Parallel Plot

Figure 21
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In the available action buttons resulting from this process, the “Filter Intensities”
process can be opened directly from these results. With this application, you can
modify or remove low or high values, and delete genes which do not meet certain
criteria.

Additionally, any of the arrays that are deemed to be outliers can be removed from
future analyses. Select the arrays to be excluded by clicking them in the Kernel
Density Estimates plot, then click “Create Subset Experimental Design Data Set,
Excluding Selected Rows.” The resulting truncated design data set can be used with
the original tall data file in new analyses to exclude the outlying arrays.

When you are finished viewing the results of the distribution analysis, return to
the workflow results journal and click “Close All Other Windows” to clear the JMP
environment.

ii. PCA, Variance Estimates

Click “DataCorrelation Results” button to view the results of this process, including
hierarchical clustering of correlation coefficients, 3-D PCA analysis, 2-D analysis and
Mahalonobis distances. Note that these graphs are highly interactive; selecting a
group in the hierarchical cluster highlights the same points in the other plots.

[- (B - 30 pcapiot
2§+ = Scatterplot 3D

I |
o079 M
0so1
0302
0193
02081
02081
nane

0503

[ LT TR

1001

Figure 22

Additionally, clicking the red triangle on the Scatterplot 3D window will allow you to
connect points or create ellipsoids around points grouped by any design variable.

iii. Scatterplots

Click “Results” under “ArrayGroupCorrelation.” This presents scatterplots of the
arrays within the groups you specified earlier in the Basic Expression Workflow
dialog. To make all the windows larger, hold CTRL, grab a corner of a graph and
expand it to the desired size. The scatterplots for two arrays are shown below. Note
that clicking points or drawing boxes around them will select them in the output
tables.
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134 WPRO_Onr_ar=0.9¢88

2
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Figure 23

iv. Normalization

The workflow has a number of standardization options for normalization. You can
perform QC before and after normalization, if desired. If you would like to perform a
normalization process that is not in the workflow, additional options can be found in
Genomics > Normalization. Following normalization, the resulting output file can be
rerun in the workflow, with or without an additional normalization step.

d. Results — ANOVA

i. Graphs

A number of graphs are created following ANOVA analysis. First, volcano plots for all
comparisons are shown.

13

(MPRO Hour 8) - (MPROC Hour 0)

-log10¢{p-value) for Diff of Sample_MName

Diff of Sample_Mame = (MPRO
Hour 8) - (MPRO Hour 0)

Figure 24

The x-axis displays differences (log2 ratios); that is, a difference of 1 is approximately
the same as a twofold change. The y-axis shows the —log1o (p-value) for the
comparison between the two groups. The dashed red line is the value for significance
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with the correction for false discovery rate. Note that the p-values are not adjusted
for false discovery rate, only the threshold for significance. To adjust the p-values
themselves, use the “P-Value Adjustment” AP, found under Genomics > Row-by-
Row Modeling.

Highlight points with your mouse to highlight corresponding rows in the table. You
can create a new data table containing only these points using the Tables > Subset
function.

The hierarchical clustering diagram contains the results of any probesets with at
least one significant difference between analysis groups. Highlighting a branch of this
graph also highlights the corresponding probesets in the output table. A subset of
highlighted probesets can be created as described above.

The parallel plots of standardized and unstandardized Least Squares Means also
contain only the significant probesets. With a large number of significant probesets,
these plots can be difficult to interpret. Small numbers of probesets can be graphed
following parsing of tables, or the Data Filter can be used to pare down the plots by
selecting samples with differences or p-values in certain ranges for the comparisons
of interest.

The distributions of r-square and residuals can be helpful in understanding the quality
of the results. In general, distributions skewed to a high r-square and low residual
indicate that most of the variance was contained within your model. The opposite
finding indicates that there may be sources of variances in your data that are not
accounted for in your model.

ii. Parsing Tables

You can easily parse results tables using JMP Genomics tools. In the ANOVA results
table, each probeset is given a significance index of O or 1 for each comparison,

with 1 indicating significance. We can use these significance indicators and other
variables such as differences to obtain subset tables. First, click in a results table
with the suffix _owa or _ars to make sure it is the active table. Go to Genomics >
Annotation Analysis > Venn Diagram. Select up to five significance indices from
the list of columns. For two- and three-way diagrams, selecting “Proportional Areas”
causes the regions of the diagram to be drawn with areas proportional to the number
of results they contain. Click “Edit” at the bottom of the plot to control colors, labels
and label placement.
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MPRO Hour 0)
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Figure 25

The Venn Diagram is interactive with the results table. In this case, a group of 74
probesets is highlighted. Clicking Tables > Subset will create a data table containing
only these probesets. Next, go to Tables > Tabulate. Highlight all the significance
indices and move them to the “Drop Zone for Rows.” Select “Add Columns by
Categories.” The values of 0 and 1 for each comparison are shown. These are also
interactive, and can be used to select multiple groups as an “Or” query.

= Tabulate

To add to the tahle, drag name from either list and drop on the
column header of the row label area of the tahle.

control Panel

o
A Std Wean Sample_Name MFRO 14 [N Sig Index for Diff of Sample_Mame = (MPRO Hour 1) - MPRO Hour 0) | 12357| 131
4 512 Mean Sample_Name MPROE | Mean Sig Index for Diff of Sample_Name = (MPRO Hour 2) - (MPRO Hour D) [ 12115 373
ADiTofSample_Neme=MPROH | Std Dev Sia Indexfor Diffof Sample_Name = (MPRO Hour 4) - (MPRO Hour D) | 11858 530
A Diffof Sample_Name = MPROH | in |Sia Index for Diff of Sarnple_Marme = (MPRO Hour 8 - (MPRO Hour 0) | 11438] 1049

A Diff of Sample_Name = (MPROH | Max

A Diff of Sample_Name = (MPROH | Range
A -loy10(p-valus) for Diffof Sample, | % of Total
A -log10(p-valus) for Diffof Gample. | M Missing
A -l0g10(p-valug) for Diffof Sample. | Sum

Surm gt
Wariance
St En
cv
Median
4 sum Sig Index for Diffs | Quartiles
4 rvo Sig Index for Diffs ~ Al

Change Farmat

[ inciude missing for grouping columns

[ order by count of grouning columns
[ show tool tip
Show Shading

Figure 26

Next, select Rows > Data Filter. Using this tool, we will select those probesets
from the Hour 2 vs. Hour O comparison whose differences are greater than 1 or less
than -1. First, highlight the appropriate significance index and difference value. Use
the CTRL key to make this multiple selection. Click “Add.” Next, click “+” and select
the same two variables again. While holding SHIFT, click “Add.” This will add the
comparison as an “Or” statement. Now, highlight the “1” for the significance index,
and click over the less than or greater than values and replace them with 1 or -1 as
appropriate.
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[ Data Filter for mpra_data_owa

¥ ' Data Filter
13 matching rows
Select show [ Include
1= Diff of Sample_Name = (MPRO Hour 2) - (MPRO Hour 0)=1.592529
]
Sig Index for Diff of Sample_Narme = (MFRO Hour 2) - (MPRO Houg
0
re— |
OR
150452 = Diff of Sample_Name = (MPRO Hour 2) - (MFRO Hour 0)=-1
pi—
Sig Index for Diff of Sample_Name = (MPRO Hour 2) - (MPRO Hour

| |

Figure 27

If you expand the table, you will see that 13 rows are highlighted. A subset table
containing only these probesets can be created with Tables > Subset as described
above. However, this time, we will use the Action Buttons window to do something
slightly different. In the Action Buttons window, click “Construct Oneway Plots of
Input Data for Selected Rows.”

& Action Buttons
Search the Web: Select Points or Rows then Click a Button

e e e ==
(Gengank Nuckeatice | (Unisene Database | [ Aceview batabase | (Ertrez ross | [ Entrez Gene |

Change Significance Criterion
Enter new -log10(p) cutaf] [ Recompute Significant Rows and Assaciated Graphs |

Drill Down ta Input Data: Select Points or Rows then Glick a Bution

({0men Subset in Tall Format | [ Open Subset in Wids Farmt: |

((construct Oneway Plots of Tnput Data for Selected Rows |

([Fit Mol £ Inpu Dats for Selected Rows and Plot LS Means |

Figure 28

Select Sample_Name, Probe_Set_ID and for “Common Prefix” type “probeset” and
click “OK.” One-way box plots for each probeset selected are created using the

JMP function “Fit Y by X.” This is linked to a wide data set that can be used for other
analysis. “Open Subset in Wide Format” will result in the same data table, but without
the graphs.

Drill-down options for further exploration of the results can be found by clicking the
red triangles.
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Figure 29

Similarly, “Fit Model to Input Data for Selected Rows and Plot LS Means” will create
plots using the JMP “Fit Model” platform. This option provides some different drill-
down data and should be used when the model contains interactions and random
effects. “Open Subset in Tall Format” will create a data table from the individual
samples’ probeset intensity values for only those selected probesets. This can be
useful for some further analyses.
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iii. IPA Upload

The results of the significant genes table, or a subset of that table, can be easily

used to upload data to Ingenuity Pathway Analysis. Select Genomics > Annotation
Analysis > IPA Upload. Choose the significant genes data table. This will have

the suffix _sig in the title. If you want to upload all the data, select Rows > Row
Selection > Select All Rows from the menu. You can also parse the table in
preparation for upload using a method previously described. Select “IPA Upload” from
the Action Buttons menu. The table with the selected probesets will automatically
load. The Affymetrix Probe_Set_ID is the Gene/Protein identifier, and we will upload
the differences as log ratios. On the Options tab, select the appropriate array version.

B8 ipa_subset_ipa_0BJUNO9_11_14_56.himl

Verify that the data table below is correct then click the button to upload to Ingenuity Patiways Analysis

Data Set Name: ipa_subset_ipa_08JUN09_11_14_66
Project Name: JMP_Genomics

Uploadto IPA

Expression Value 1 Observations

Diff of Sample_Name Diff of Sample_Name Diff of Sample_Name Diff of Sample_Name
=(MPRO Hour1)-  =(MPROHour2)-  =(MPROHour4)-  =(MPRO Hour 8) -
D (MPRO Hour 0) (MPRO Hour 0) (MPRO Hour 0) (MPRO Hour 0)

100003_at 0.0285644531 0.1071777344 0.2036132813 0.3515625
100013_at 0.0646972656 01240234375 0.3161621094 04562988281
100019_at 0.0170898438 -0.480224609 0684326172 -0.408447266
100023 _at -0.029296875 -0.014160156 -0.075683594 0.2875976563
100026_at 0.0441894531 0.0310058594 0.1711425781 0.1364746094
100030_at 0.1120605469 0.0490722656 -0.173339844 -0.360839844

Figure 30

Clicking “Upload to IPA” will result in IPA opening and the data loading into the initial
upload page. Note that you do need an IPA license to work with the data inside the
IPA application. You may request a trial license from Ingenuity at https://analysis.
ingenuity.com/pa/account/signup.html.

e. Other Action Button Functions

The Annotation Summary in the Action Button menu will create a dynamic Web page
with links to selected Web sites. The other buttons will open a Web page for each
selected row, so use these only when selecting a limited number of probesets.

f. Pattern Discovery

i. Hierarchical Clustering

Hierarchical clustering can be performed on tall or wide data sets, depending on the
desired results. In this instance, we will cluster a data set with probesets that were
significant in the Hour 2 vs. Hour 0, with a difference greater than 0.5 or less than
-0.5. This data set was generated using the “Create Wide Data Set” Action Button.
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£ Hierarchical Clustering,
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Figure 31

Select Genomics > Pattern Discovery > Hierarchical Clustering. Load the wide
data set. Selecting one or more experimental variables into the “Compare Variables”
box will color the different groups and can be a good visual cue in the output to
determine how samples are grouping.
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Figure 32

The samples are along the y-axis and the probesets are along the x-axis. The reverse
can be done with tall data sets.
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ii. K-Means Clustering

K-means clustering will group probesets according to their patterns. The user can
choose how many clusters to create, or the number of clusters can be determined
on the basis of the correlation between probesets. Select Genomics > Pattern
Discovery > K-Means Clustering. Select the significant results table for clustering.
Either the mean values or the standardized mean values can be used.

Means Clustering

Description
K-Means Clustering creates optimally separated groups of observations frows) More.

General  Analisis I Options \

Methad

© automated K Means
@ automated Radius K Means

O Interactive K Means

© interactive Normal Midures

O Interactive Self Organizing Map
Number of Clusters

-

Correlation Radius for Clustering

—

[ Replace Cluster Means with Representative Ohsenvatians
O center Rows

O scale Rows

* Required Parameter

Figure 33

On the Analysis tab, select “Automated Radius K Means.” The correlation radius is

a measure of how closely you would like the probesets within a cluster to correlate.
Higher correlations will give fewer probesets per cluster and more clusters, and lower
correlations will have more probesets per cluster and fewer clusters. Select “Center
Rows” if working with mean values, and clear this option if you are working with
standardized mean values.

B K-Means Clusters
v/ Parallel Plot
z

1.04 10
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Std Mean Sample_Name
St Mean Sample_Name
MPRO Hour &

St Mean Sampl

MPRO Hour &

. St Mean Sarmple_Narmg

Std Mean Sample_Nare|

Figure 34

The counts for each cluster, and the clusters themselves, are presented as part of the
results. The probesets within each cluster can be easily parsed using Rows > Data
Filter and selecting the “Cluster” variable on the output table.
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\I. Other Key Features in JMP° Genomics

a. Output Files

The results from an analysis in JMP Genomics do not have to be recreated each time
you wish to view analysis results. Every time a process is run, a JSL file is created.
This JSL file is linked to output tables. Running this JSL file in JMP Genomics will
recreate the analysis results.

Mame Size | Type Date Modified
@ PrincipalComponentsanalysis Script for data_ordered_sr2.js| 1KE  IMP Script 4/10/2009 4:56 PM
@ PrincipalComponentsanalysis.log ZZ2KB LOiG File 4/10/2009 4:56 PM
@ PrincipalComponentsanalysis. st 1,387 KB LST File 4/10/2009 4:56 PM
m PrincipalComponentsanalysis__data_ordered_srZ.sas 3KE SASFile 4/10/2009 4:56 PM
m PrincipalComponentsanalysis__data_ordered_srZ_archive.sas 171KE SASFile 4/10/2009 4:56 PM
Figure 35

In the example above, running the JSL by double-clicking it in Windows Explorer or
opening it within JMP Genomics will recall the results from the Principal Components
Analysis. Additionally, log files and SAS settings files are automatically created for
each analysis. You can also optionally archive a copy of the SAS code run from each
process by selecting this option under File > Set Genomics Preferences. These
steps can assist you in retracing the steps in your analysis workflows.

b. Save/Load/Apply/Set as Default Buttons

At the bottom of each application window, in addition to the “Run” button, are the
“Save,” “Load,” “Apply” and “Set as Default” buttons.

* Reqguired Parameter

| Run i[ Save... ][ Load... ][ Apply ”Set as Default ][ Reset ][ Cancel ]

Figure 36

The “Save ...” button allows you to save the settings (i.e., dialog choices), either
complete or partial, that are currently in this process window. The “Load ...” button
allows you to load saved settings. Many users find it useful to create a separate
“Settings” directory in the directory used for analysis results. By creating settings that
are similar in name to the output files, you can retain a record of analysis workflows.
The “Apply” button allows you to broadcast choices made in the current process
dialog to different processes. After clicking the “Apply” button, new processes
opened in that session will autofill with the input file(s), output path and any other
values in common with the applied values. This can be very useful when working
though a data set without the workflow application. If new choices are made,
clicking “Apply” again will update to the new settings. Selecting Genomics > Clear
Parameter Defaults will clear all temporary settings. The “Set as Default” button
saves the current dialog choices as default values that will autofill whenever you open
the same process. The “Reset” button clears the current dialog choices and reloads
the default values.
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VIi. Summary

This paper introduces the Basic Expression workflow, hierarchical clustering and
K-means clustering. After getting familiar with the Basic Expression workflow,
advanced users may wish to investigate the Expression QC workflow and the
Expression Statistics workflow, which offer greater flexibility and more options.

Further and more detailed information can be found in the JMP Genomics User
Guide. There are sample data files for one-color and two-color expression analyses
that are installed with the software, and saved settings that may be loaded to run
sample analyses for these data sets. To access the sample settings, click “Load ...”
at the bottom of any JMP Genomics dialog, and then click “Example Settings” to
navigate to the right folder.
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