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GenePattern 2.0 Tutorial

In this tutorial you will learn how to use the features of GenePattern, including:

=  How to use GenePattern to do microarray analysis

= How to create reusable pipelines that capture your own analyses
=  How to extend GenePattern to work with other tools and data

=  How to call GenePattern modules from a programming language
= How to manage jobs on a GenePattern server

= How to change the GenePattern server configuration

This tutorial is written specifically for use with GenePattern 2.0. You will need to be connected to the internet to complete some of the
exercises.

About GenePattern

GenePattern is a software package designed to address several requirements for integrative genomics analysis: an intuitive interface for
novice users, capability for reproducible research, accessibility to programmers and computational biologists, simple addition of user-created
analysis tasks, and the ability to deploy on a wide range of computing hardware. These design objectives are described below.

Accessibility to novice users

Intuitive graphical interface for "novice" user

Users of analysis tools comprise a wide range of individuals. There are biologists, researchers and clinicians with little or modest
computational backgrounds who need flexibility to run tools and look at results without writing programs themselves or finding help from a
computational colleague. They should be able to interact with a system that encompasses their needs and which can be easily enhanced to
meet ever-changing requirements.

A main distinguishing feature of GenePattern is the inclusion of multiple user environments including a friendly user interface. The "friendly"
interface provides prepackaged analysis modules. These include both individual algorithms and more complex methodologies encapsulated
as pipelines. Modules and pipelines are available to the user via pull-down menu task lists, and datasets are accessible through a standard
file browser.

Learn more about the Graphical Environment

Reproducible Research

Pipeline environment

Typical data analysis involves a complex multi-step sequence of computation and data access across a multitude of tools, platforms, and data
sets. Joining these steps together in one-off scripts can be tiresome and the end product may not be accessible for use by colleagues.

The GenePattern pipeline builder provides an easy to use, form-based method for combining data processing, analytic, and visualization
modules together into methodologies. Through its pipeline environment, GenePattern provides the means to create and distribute an entire
computational analysis methodology in a unified and executable script thus enabling a form of in silico reproducible research.

Life Science IDentifiers

An important aspect of reproducible research is the use of Life Science IDentifiers (LSIDs) to uniquely identify specific versions of tasks and
pipelines. Whenever a new task or pipeline is created in GenePattern it is assigned a unique LSID. Every time that the task or pipeline
definition is subsequently modified, the version portion of the LSID is incremented. LSIDs enable integration of disparate data sources and
analysis methods while allowing researchers to pick and choose the tools that best meet their needs. By unambiguously defining a particular
dataset or tool, they allow researchers to develop and share working models and publish papers which others can test and extend.



Learn more about the Pipeline Environment

Accessibility to programmers and computational biologists

Access to analysis modules from a programming language

The GenePattern Programming Language Environment supports computationally sophisticated users by providing access to GenePattern
from R, Java, and MATLAB. This environment permits arbitrary scripting, access to GenePattern modules via function calls, and development
of new methodologies combining modules in arbitrarily complex combinations all from within a researcher's favorite programming
environment.

Learn more about the Programming Language Environment

Flexibility & ease of integration of new tasks

Self-service model for integration of new methodologies

GenePattern provides a rapid, language-agnostic deployment and integration mechanism for new modules that requires very little software
engineering. With GenePattern, new methods, written in the author's favorite programming language, can be shared, tested, and used by an
entire lab or research community rapidly and effectively within the GenePattern environment. New methods can be developed locally, and the
architecture also supports the rapid, low-overhead integration of algorithms and tools developed externally and downloaded or accessed from
the web. The advantage of the GenePattern approach is that users can quickly and seamlessly create, evaluate, and adopt new methods.
Learn more about the Task Integrator

Local or distributed computing

GenePattern is designed so that it can run standalone on a small machine such as a laptop, or can be separated into its client and server
components to take advantage of a more powerful compute server. A single installer will work for both local or distributed configurations. After
installing your GenePattern server, you will want to configure GenePattern for your site.

Learn more about GenePattern Server Administration

If you are running in a distributed environment, you may also want to secure your GenePattern server.
Learn more about Securing Your GenePattern Server

Getting Started with GenePattern

This tutorial assumes you have done a complete install of GenePattern, including the server, the modules, the graphical client, and the
datasets. If you haven't installed all of these components, please go back and follow the installation instructions. If your GenePattern Server is
running, you may revisit your installation summary here or type http://localhost:8080/gp/installFrame. jsp into your browser.

Launching GenePattern

There are three components to GenePattern:

= the server, which is the GenePattern engine

= the Graphical Client (also called the Java Client), which is the primary GenePattern interface for most users

= the Web Client (also called the GenePattern home page or GenePattern server home page), which is primarily used for
administrative tasks, such as adding and deleting analysis modules; the Web Client also provides access to the GenePattern tasks
accessible from the Graphical Client

To run GenePattern, you must launch the server first. You can then launch the Graphical Client and/or the Web client.

Launching the Server


http://www.broad.mit.edu/cancer/software/genepattern/download/
http://localhost:8080/gp/installFrame.jsp

To launch the GenePattern server:

= Double-click the start GenePattern Server icon, shown below. It is located where you chose to place it during the server

installation.

StartGenePatternServer

= While the server is launching, you will see a console window displaying messages. When you see the "server ready" message
below, the server is running.

T - - - -

GCenePattern server version 2.8.8 build 2.8.8.313 built Wed,. How 2 2885 iz ready.

B HEHH s H e HH e M H o H M H o M H H o HE s e H M H H e O H e H M H o H O H H o H O HCH s HEH s H e HH e

| Mac OS X users will not see this window. On Mac OS X, the server icon will appear and bounce in the Dock when the server is
launched. When the icon stops bouncing the server is ready. If you wish to read the messages, they can be seen in the
Console.

=  You are now running the GenePattern Server.

1. You must launch the server before launching the Graphical or Web Clients.
1 2. The server takes several seconds to start up. Clients will not be able to connect to it during this time.

Launching the GenePattern Graphical Client
To launch the GenePattern Graphical Client:

=  Double-click the GenePattern Client icon, shown below. It is located where you chose to place it during the client installation.

a4

plf |

T
GenePatternClient

= While the client is launching you will see a window indicating that the client is connecting to the server and loading your installed
modules.

I x|
Retrieving medules and jobs from local GenePattern server
I

When the client is connected it will ask you to log in. Log in with your email address. Once you are logged in, all of the loaded
analysis tasks, visualizers, and pipelines are available. You can see which server and which email address you are using by looking
at the top of your client window.
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Welcome to the GPGE

The GenePattern Craphdcal Envronrnent (GPOE) i# dn easy-lo-use mbegraled ennronenent for data andlyss
and visualization

Getting Started

# Add Drata Files (File > Open Progect Direclory)

P Kird Comphebed The firsl siep in usmng the GenePallern Graphacal Client i3 1o add your dats files. GenePatlen alows
you to do this by specifiang the drectones that conbun your data These are referred 10 a2 project
directories. To load your dats, sedect Open Project Dinectory from the File meu

& Fan a Moduale
Select a module from the Analysis, Visualization, or Pipelines menus. Enter values for the mput
paramelers and click Run

For detailed instructions on ussng GenePattern, please see the GenePatiemn tatorial at
WAy genepsaibern org ol

To subscribe to mading bstz or fnd out about the labest developments, please visit wrww genepatiern ofg

Launching the GenePattern Web Client
To launch the GenePattern Web Client:

1. Double-click on the GenePatternHome.html link:

o,

GenePatternHome.html

Your browser will open and ask you to login. Once you've logged in with your email address you will see the GenePattern server
home page:
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Senoer Administration
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You can also view this page by entering the URL of your GenePattern server into a Web browser. If you are running GenePattern in
standalone mode, the URL will be http://127.0.0.1:8080/gp.

Shutting Down GenePattern

When you shut down GenePattern, shut down the clients and then the server. If a client remains running after the server has been shut down,
you will see errors.

To shut down the GenePattern clients and server:

wnh e

Exit from the GenePattern Graphical Client, if it is running, by choosing the File->Quit menu.

Exit from the GenePattern Web Client, if it is running, by clicking the sign out link in the top right corner of the page.
Exit from the server by double-clicking the Stop GenePattern Server icon. Alternatively, if you are using Windows, you can

close the console window.

StopGenePatternServer

Windows users will see the GenePattern console window close. Mac users will see the GenePattern server icon disappear from the Dock. On

Linux machines, the GenePattern server will quit silently.



http://127.0.0.1:8080/gp

GenePattern Graphical Environment

The GenePattern Graphical Environment (GPGE) is an easy-to-use integrated environment for data analysis and visualization. In this
section, you will learn how to view data, launch analyses, and visualize results using the GenePattern Graphical Client.

NOTES

= To run the exercises in this section, the GenePattern server and Graphical Client must be running. If you have not launched
them, you can follow the directions for launching the GenePattern server and Graphical Client in Getting Started.
% = The exercises require the GenePattern tutorial datasets. If you did not download them during installation, you can download
them here or from the datasets page, http://www.broad.mit.edu/cancer/software/genepattern/datasets. You will need to use a
compression utility such as WinZip (Windows) or Stufflt Expander (Mac) to extract the datasets.

—

Using Files
Exercise 1a: Adding a project directory

Exercise 1b: Using the object browser
Exercise 1c: Removing a project directory
Exercise 1d: Refreshing a project directory
Data Analysis
Exercise 2a: Submitting an analysis job
Exercise 2b: Using results in further analysis
Exercise 2c: Saving result files locally
Exercise 2d: Viewing clustering results
Exercise 2e: Marker selection in GenePattern
Exercise 2f: Visualizing data
Exercise 2g: Creating a JPEG image of a colorgram and adding files from outside the object browser
Exercise 2h: Prediction with GenePattern: test/train and adding files from URLs
Exercise 2i: Supervised learning with GenePattern: Cross-validation
Exercise 2j: Re-running previous analyses
Exercise 2k: Removing result files
Exercise 2l: Running batch analyses
Pipelines
Exercise 3a: Viewing a pipeline
Exercise 3b: Running a pipeline
Exercise 3c: Creating a pipeline
Exercise 3d: Adding tasks to a pipeline
Exercise 3e: Editing a pipeline
Exercise 3f: Exporting a pipeline
Suites
Exercise 4a: Creating a suite
Exercise 4b: Applying a filter
Exercise 4c: Editing a suite
Exercise 4d: Exporting a suite

Viewing Data in GenePattern

After you launch the GenePattern Client, you will see the Object Browser, shown below:


ftp://ftp.broad.mit.edu/pub/genepattern/datasets/tutorial/gp_tutorial_files.gz
http://www.broad.mit.edu/cancer/software/genepattern/datasets
http://www.winzip.com/downwz.htm
http://www.stuffit.com/cgi-bin/stuffit_loginpage.cgi?standardmacexp

£ GPGE - Server: Local, Username: gpuser@broad.mit.edu =101 =]

Hame « Kind Date Modified
Welcome to the GPGE
The GenePattern Graphical Environment (GPGE) iz an easy-to-uzse integrated
enviranrment for data analysis and wisualization.
Mame - Kind Complated Cetting Started

# Add Drata Files (File > Open Project Directory)
The first step in using the GeneFattern Graphical Client is to add your data
files. GenePatiern allows you to do thiz by specifying the directories that
contain your data. These are referred (o as project directories. To load
your data, select Open Project Directory from the File menu,

# Fun a Module
Select a module from the Analysis, Visualization, or Pipelines menus.
Enter walues for the inpul parameters and click Run.

For detailed instructions on using GenePatiern, please see the GenePattern tulonal at

To subscnbe to malling lists or find ouf about the latest developments, please wist
W, EENEDELIe, 0T

This is the central control panel for the GenePattern graphical environment. This window allows you to load data, execute algorithms,
launch visualizers, and create pipelines.

Using Files in GenePattern

The first step in using the GenePattern Graphical Client is to add your data files to the environment. GenePattern allows you to do this by
specifying the directories that contain your data. These are referred to as project directories. In the following exercises, you will learn how
to add, remove, and view the contents of project directories.

Exercise la: Adding a project directory

Select File->Open Project Directory...

£ GPGE - Server: Local, Username: gp




Navigate to the gp_tutorial files folder you downloaded,
which contains the all_aml datasets. Note that the left side of the
window contains all of the subdirectories you can choose, and the
right side contains a listing of the files in the currently selected
directory.

= Click ONCEon all_aml.
=  Click on select Directory.

You will see that the directory has been added as a project node.
Double-click on the all_aml node to see files within that

Chisose & Project Directory ' ._ !I
|22 g _tutorial_aes = *EE
t m Fibas in Directory all_samik
) log_transform jpl_senl_fet iz
e ol _awml fest sex
) cther_dsta :_g_hn.n.tl:
E— _ari_irain res
() Shemr ke
Sedect Daractory
Cancsl
Fisname:  |C'\Dastaseisign_fuborel_flezial_smi
Filas of typs: lu Fies ;I

directory sorted alphabetically by name. You may also sort by
kind as well as by date.
aml (1:\GanePatterni... |

# ol_asel_test, ok tls 11f2f0s 7:24 aM

& 5l_seml_tesk res res 11f2/05 7:24 &M

& al_aml_train.cls cls 112005 7:24 AM

@ al_aml_train.res ras 112005 7:24 AM

NOTES

} =  The next time you start up the GPGE, the all aml directory (and any other directories you have added) will be loaded.

= |f you add the same directory twice, you will see a message that the directory has already been added.

Exercise 1b: Using the Object Browser




Projects - This section includes all of your data files in the local folder(s) you added in hame Kind Diaste Medified
the previous exercise. 4 all_aml (Ii\GanePattern.., Project 11205 F:24 AN
& all_sml_test.cls cls 1142405 7:24 &M
Note the field next to the name where you can see the full path to the folder you have ® ol_aml best.res res TEI2{05 7:24 AM
loaded. ® al_aml_train.cl cls 11f2{05 7:24 M

File Information Window - When a file is selected, this window displays vital statistics
about files you are using.

% GPGE - Server: Local, Username: gpuser@broad.mit.ed

all_aml_train.ras

Name: all_ami_train.res
Size: 2 ME
Dimensions: 7129 rows x 38 columns

The fields Name, Kind, Date Modified inthe Projects pane, and the fields Name, Kind, Completed inthe Results pane,
allow you to sort the contents of the folders based on those properties. When sorting by "kind", GenePattern sorts by file extension. The
exception is odf files which have "models" associated with them. GenePattern knows about the following kinds of odf files:

Gene List - lists of genes or markers and associated descriptions and significance values resulting from marker selection
algorithms

PredictionResults - results of a prediction algorithm

SOMCluster - results of SOM clustering

ComparativeMarkerSelection - results of Comparative MarkerSelection

Files that are sorted based on their extension include the following kinds:

=

=

cls - Class vector files contain labels for samples in a dataset. For example, a class file might define which samples are normal
and which are tumor, or which correspond with patients who survived or didn't survive 5 years after treatment.

res, gct - Expression dataset files; each dataset is a combination of chip scans that has been put together so they can be
analyzed as a group.

HTML - Web documents.

tiff, jpg, png, or gif - Graphic image files created by a visualization tool.

=  For descriptions of the file formats supported by GenePattern, see GenePattern File Formats.

File types are used by GenePattern to make suggestions for modules which accept a particular type. You can right-click (Mac users Option-
click) a file and choose Modules. (Alternatively, click the file and select Projects->Modules.) This will give you a list of modules which
can be used for that file. If you select a module, it appears in the module pane with that file in the appropriate file box.



£ GPGE - Server: Local, Username: gpuser@broad.mit.edu

Fle Projects Results Analysis  Visualization Pipelnes Suites History Help

Mame - Kined Diate Madified
4 all_aml (1:\GenePatbernt... Project 117105 3:55 PM

&l _aml_test s cls 1172005 7:24 AM
@ all_sml_test.re Sand To 3 11f2]05 7:24 AM
& al_aml_train.cl Open Wi b 11J2]05 7:24 AM
@ all_aml_train.re 11f2f05 T:24 AM
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Modules suggested based on file type

It is important to note that if a module does not appear here it may be because it has not yet been annotated, not because it can't be used.
If you are interested in a particular module you can still access it manually from the Analysis menu.

Viewing information about a file
There are three ways to view information about a file:

1. File Information Window. This window (see figure above) summarizes information about a file, such as what type of data this file
contains, its size, and other relevant parameters specific to that data type. To view information about a file in this window, single-
click on its filename in the Object Browser.

2. Text Viewer. The Text Viewer displays the raw contents of a file. If you double-click on a file in the Object Browser, you will see its
contents appear in a window. You can cut and paste the contents of this window. However, you can't modify a file using the Text
Viewer.

3. Data-specific browser. If the file you double-click is a type for which your browser has an application enabled, it will open in that
viewer.

Exercise 1c: Removing a project directory
To remove a project directory from the Object Browser: & GPGE - Server: Local, Username: gpuser@hrodimitasdi

Fia Projects Results Analysis Visuslization Pipelines Suites  Hist

= Right-click (Mac users Option-click) the project directory that you want
to remove.
=  Select Close Project.

Projects

| kind | Date odfied |

L1f2f05 7:24 AM

all_aml (1;1GenePatten)

& all_sml_best.e 7 Refresh

11205 7:24 AM

(Alternatively, click the project directory and select Projects->Close ® “_ﬂ“'_*e‘*-"m 11/2/05 7:24 AM
Project.) The directory has now been closed and will not be reloaded the next ® al_aml_tran. 11f2/05 7:24 AM
@ al_aml_train.res res 117205 7:24 AM

time you launch GenePattern.

Exercise 1d: Refreshing a project directory



The GenePattern client periodically reads the contents of your project directories
and updates the Object Browser to reflect any changes in them. However, if you

£ GPGE - Server: Local, Username: gpusen@broad.mit.edu
1= i ; ) Fia Projects Resuts Analysis Visualization Pipefines Sutes Hish
have changed the files in a project directory and you want them to appear in the .

Object Browser, you can manually refresh the directory by doing the following: Projects

al_aml (1:}Ean

Right-click (Mac users Option-click) the project directory that you want to

fresh & al_aml_test.ck
refresn. & al_aml_best.re
= Select Refresh. The changes you have made will be reflected in the @ al_aml_train.cl s
Object Browser. # al_aml_train.res fis 11/2/05 7:24 &AM

(Alternatively, click the project directory and select Projects->Refresh.)

The GenePattern Menu Bar

The following exercises will demonstrate the other functions available in the GenePattern Graphical Environment.

File->Open Project Dir - Add a project directory to the Object Browser. This function is demonstrated in Exercise 1a.

File->Import Module - Imports an analysis module, a visualization module, or a pipeline module \File Projects Resuks Analysis  Visual:
from a zip file.

I= Open Project Directory... Chr+O
File->Alert On Job Completion - If this line is checked a window will pop up to announce that + Bk On ok -
your analysis task(s) have completed. This feature can be toggled on and off. DL
W ..y
Refrash ]
it Chrlb)

File->Server - Allows you to view or change the server on which your jobs are running. If you want to change the server you are
accessing, you can change it here by doing the following:

= Select File->Server.

Server Settings x|
= Enter the URL and port of of the GenePattern server to which you want to connect.
. Server Name: [127.0.04
= Click oK.
=  Continue working. You do not need to restart your client. B

Liserrnes:  [oposserdiinond mi s

| == [T

File->Refresh - Updates the GenePattern Graphical Environment to reflect changes that have been made on the GenePattern server. If
modules have been imported or removed, refresh Modules; if jobs have been deleted, refresh Jobs.

=" Open Project Directory...  Chrl40
=g Impart Maduls, .
v Alert On Job Completion

File->Quit - Quits the program.



Projects->Refresh will refresh a selected project directory. An alternative method was demonstrated in Exercise [Projects Resuks Analy
Ad. 7 Refresh

¥ Close Project
Projects->Close Project will remove a selected project directory from the GenePattern Object Browser. An cerel Ty "
alternative method was demonstrated in Exercise 1c. i

The remainder of the menu will become active once your work in GenePattern has progressed further. We will detail
these functions then.

The Results menu will become active once your work in GenePattern has progressed further. You will be able to delete individual jobs, or
all your GenePattern jobs here. You will be able to terminate individual jobs which are running.

The Analysis, Visualization, and Pipelines menus are the most important part of the graphical environment. This is where you will
do analysis and visualization, covered in detail in later exercises.

The suites menu allows you to group modules into packages of modules that have similar functionality, such as clustering or proteomics.
You can then work with the suite, for example, you can install all modules in the "clustering" suite or view only those modules in the
"proteomics" suite. Suites are covered in detail in later exercises.

The History menu lists the last 10 jobs you have run. When you select a job from this list you will reload it as it was when you launched it.
History->View All will bring up a window of all modules you have run. From this window you can relaunch jobs that were launched
further back in your history, or purge jobs to delete them from your server. If you select all of the jobs you can purge all jobs here.

Help->About GenePattern. This contains basic authorship text and the build number of this version of the GPGE - useful in bug
reports.

About Genefaktern . El

GenePatcern Client Z.0.0.0
Build: 2.0.0.312
Eulltc on: Tue, Now 1 2005

GenePattern has been developed by members of the Cancer Program of the Broad
Instituce of HIT and Harvard.

Group Leader: Hichael BReich

Core Dewvelopment: Ted Liefeld, Jim Lerner, Joshua Gouwld, Charlotte Henson

Hodule Contributors: Justin Lamb, 5tefano Monti, Ken Ross, Aravind Subreamanian
Principal Inveacigator: Jill P. Heairowv

Zenior Compurational Biologist: Pablo Tamago

Past Contributors: MHichasl Angelo, Keith Chm

Help->GenePattern Web Site will take you to the public GenePattern web site. You must be
connected to the internet to use this feature.

Help->GenePattern Tutorial will take you to the online latest version of this document. You
must be connected to the internet to use this feature.

Help->GenePattern Server Will open the GenePattern Web Client.
Help->Getting Started will display the welcome message in your graphical environment.



*dule Cobor Key

x|

LI il
Help->Module Color Key.GenePattern modules are listed by name, with color codes which f
indicate who authored the module. This element will bring up a cheat-sheet to remind you what the
colors mean.

oy

Help->Errors will allow you to send a bug report to the GenePattern Help Desk.

=  Select the Help->Errors menu item.
= In the GenePattern Analysis Module Errors window, click Create Bug Report.

GenePattern Analysis Module Errors '_ !I

Esrors can be caused by problems with data or because of bugs man
analysis task  [f you think you have found a bug please file a bug report by
clicking the Create Bug Report button belowr

« A
oo | _ome | Crose B epont|
L

= You will see a dialog box prompting you for the details of the bug.
=  Enter as much information as possible, including the text of any error messages.
= Click send to send the report to the GenePattern help desk.

x|

ticing the problem. Opticnally prowide your email address if you |
like to receiwe & cesponse to this error report submission. The
| ri

I:IW'I: stack teace will be sutomatically included.
i

‘Your E-Mal Address (optionall

[Esssin] resa|

! You must be connected to the Internet to use this feature.

Data Analysis with the GenePattern Graphical Environment

The GenePattern client/server architecture is designed for flexibility and ease of use. There are several important points about how
GenePattern runs analyses:




= All modules - algorithms, visualizers, and pipelines - are stored on the server.

=  When you launch the client it gets the list of available modules from the server.

=  Touse a module, select it, fill in necessary parameters, and click Run.

=  The request is sent to the server, where the algorithm runs on the data you have given it.

= While the server is doing the analysis the client will poll the server periodically to see if the module is done yet.

= When the module is complete, the server returns "yes", indicating that the results are available.

A figure illustrating client/server interaction is shown below:

Client

Module| SO0M Clustering

Client sends Clusters: 2-3
request to start a Submit Params Iterations: 10000

o joby, along with 4' ‘ Alphat 0.4 ‘
?hf‘t:"ftﬂﬁ and Data | AML/ALL Dataset

Client polls server,
asking if the job is

9 done. Server ..E
[

Are we there yet? ]

>
returns “MNo® while
still processing the Are we there yet? | >

o “ o)

When job i done,

Server

[ Are we there yet? ]

9 server returns the
message that the

job is complete.

rent oties
e user that the job Job Number Tazk

is complete, is [SOMCIustering

Anatomy of an Analysis

The result files are stored on the server; however, server storage is temporary and result files are deleted after

>
« o | R

they have been on the

server for a certain length of time (the default is one week). To save your result files permanently, you must download them. You will learn

how to do this in Exercise 2c.

Analysis Modules

Getting Started:
Click on analysis. You will see a list of task categories, which include:

= Annotation - Retrieve additional data about microarray identifiers.

=  Clustering - Unsupervised learning. These algorithms find inherent patterns in data with no prior
knowledge of the structure of the data.

=  GenelListSelection - Algorithms that return lists of genes. These include marker selection algorithms
such as finding the nearest neighbors of a gene or expression profile.

= Missing Value Imputation - Algorithms for filling in data missing in a dataset.

=  Prediction - Supervised Learning. These algorithms learn to distinguish between classes of data by
being presented with examples from each class. They use these examples to build models that can
predict, given data of an unknown class, to which class data belongs.

= Preprocess and Utilities - Basic operations such as filtering, creating a subset of genes or samples,
converting probe sets from one chip type to another.

=  Projection - Algorithms to project data into a space with a differing (usually lower) number of
dimensions.

=  Proteomics - Algorithms for proteomics analysis that are run on the set of input spectra, including
quality assessment, normalization, peak detection, and peak matching.

=  Sequence Analysis - modules intended for use on sequence data.

=  Statistical Methods - statistical tests such as measures of fit, correlation, and significance.

[ Anatysis  visushzation  Pipeline

Annotation

Clustering

Gane List Selection
Migsing Valkse Imnputation
Frediction
Preprocess & Utilkies
Projection

Sequence Analysis
Tkatistical Methods

w ¥ ¥ ¥ ¥ W ¥ ¥ ¥ ¥




Running an Analysis

In this section, you learn how to submit an analysis job.

Exercise 2a: Submitting an analysis job

The data we will use in the exercise is from Golub and Slonim et al., which used clustering and prediction algorithms to find genes that
distinguish between two subtypes of leukemia, ALL and AML.

We will use the following analysis steps as an exercise:

Preprocess expression data containing ALL and AML samples

Run a SOM clustering algorithm on the resulting dataset

View the results in a SOM Cluster viewer

Run a marker selection algorithm to find genes that best distinguish between ALL and AML

PwONE

Analysis Step 1. Preprocess the expression dataset

= Make sure you have added the directory with the all aml data.
=  Choose Analysis->Preprocess & Utilities->PreprocessDataset.

§ GPLE - Server: Local, Username: gpusen@bnosd.mit.eda . =100 x|
Fla Progects Fesuks Analrsis  Visuslostion Ppelines  Sultes  Hstory  Help

PreprocessDataset [ =

Perfonms seversl preprocessing options on a nes, got, o Dstaset input File:

[+ Shirs Pararmster Descriplions

11J 2405 T34 &M -
» ol_amd bestres res 11J205 T=24 MM input filename: | Erowse.... I Bl
& ol_aml tranck o 11205 T=24 B4 ingict Flerame - res, get, o
& S trsnces el 11[2005 7:24 AN

ot il |Mrn=_bmm = praproceiied
Cutput Pl with o epraceioed datsel

odgbpak Fille Formak: |same a5 input =

gt file lormat

tayn [ Compisted Foe s [free 3]
- Wariation filier and thiesholding Flag

(e eproesang flag: [no dse of poim ®
Depcretiation or normalzstion fag

minchargs: [3
Mirsrigm Fold cdharags Tor flter

mindets: [100
iramum dieft.a fior fiber

theashokd: [
W for Ihresholdng

- celing: 16000 I _'i:I

fun | messt | Heb |

|#1 Ganerats Cods

Notice the layout of the module. This is the format for all modules:

=  Each line starts with the name of the parameter.

=  The box is where you fill in the parameter values.

=  Parameters can be free text, multiple choice from a drop-down menu, or files.

=  Below each parameter is a more complete description of that parameter. These descriptions may be hidden by unchecking the
Show Parameter Descriptions box in the upper left corner.

= Required parameters are listed in bold. Other parameters are optional.

= At the bottom of the module pane are three buttons. Run will launch the module. Reset will restore the parameters to their default
values. Help will display the documentation for that module.

To perform the analysis, do the following:


http://www.broad.mit.edu/cancer/pub/all_aml/

=  Fromyour all_aml project directory, right-click (Mac users Option-click) all_aml train.res and select Send To and then
select "input filename" to send the file to the input filename box.

£ GPGE - Server: Local, Username: gpuser@broad.mit.edu
Fila Projects Resubs Analysis Visualization Pipelines Subes  History  Help
PreprocessDataset |2 j

Mg - kind Diate Modified Performs several preprocessing options on & res, get, or Dataset inpukt file
_ 4 al_aml (I:\GenePatter.., Project 117205 7:24 AM [ St Parameter Descriptions

& al_aml_best.cls cls

all_aml_test.res

input filename: | Browse. .. |

& al_aml_tran.cls input flename - .res, .oct, .odf

@ al_aml_krain.re:

output file: [name_l:-e&ename > preprocessed
Modules » Cutput file with preprocessed dataset

satbruik Fls Farmsl- leams aeinmid - i

The input filename parameter now displays the filename. (Alternatively, you can click the file and select Projects->Send
To, or click and drag the file to the input filename parameter box. Using Send To has the benefit of presenting you with only
those input boxes that accept the filetype you have selected.)

= The output £ile parameter contains a default name for the result file that will be created. This is
<input.filename_basename>.preprocessed, meaning that the output file will have the same name as the input file, with the text
".preprocessed" appended to it. If you want a different name for the output file, you can enter it here.

®* Forthe output file format parameter, select "GCT".

= Forthe preprocessing flag, choose "row normalization".

= To start the analysis, click Run.

Checking Job Status
Once you submit a job, there are two ways you can know its status:

= Within the Results pane on the lower left hand side, you will see messages informing you that your job is Processing.

= Alternatively, once your job is complete, you will see the dialog box shown below. This window will accumulate job results until you
close it. This is useful when you have several jobs running simultaneously or when you want a log of recent jobs.

§ Recently I:!:|_|_:||.|l|e-l=rl Jabs

13 PraprocessDinl st

[+ Show this diskag when a job completes W




= |f you do not want this window to appear after a job completes, uncheck Alert On Job Completion under your File
menu.
= To bring it back again, select it again. The check mark will toggle on and off.

Analysis Results

The files created by the analysis are stored on the server and listed in the Results pane. To view them or use them in further analysis, do
the following:

®= Inthe Results pane, double-click on the PreprocessDataset node. You will see a list of all the results from your
PreprocessDataset task.

Mame - Kind Completed
_ 4 PreprocessDataset (25) Job 11[2105 ...

& op_task_execution_log, bt bk

Name: all_aml_best.preprocessed.got
Sipa: 4.2 MEB

Cimensions: 5935 rows x 35 oolumns

You'll notice that in addition to the output file you created with the PreprocessDataset task, you also have a "txt" file called
gp_task_execution log.txt. This file contains all of the parameter values you would need to repeat the task you just completed. This
file is useful for reproducing research results.

jl"‘ In addition to execution log files, you will often see other text files in your analysis results; for example, stdout and stderr.

= Files named stdout contain "standard output” messages; that is, comments generated as the analysis module runs.
= Files named stderr contain "standard error" messages; that is, information about errors (if any) that occurred during the
analysis.

Exercise 2b: Using Results in Further Analyses
Analysis Step 2: SOM Clustering
Now that we have filtered the dataset we will analyze it using the Self-Organizing Maps (SOM) algorithm:

=  Select Analysis->Clustering->SOMClustering.

= Forthe cluster range parameter, enter 2. In this example, we know that there are 2 classes in the data, ALL and AML, so
entering this value will show how well the SOM algorithm reproduces the distinction.

= If you haven't already, open the PreprocessDataset node.

= Clickand drag all_aml_train.preprocessed.gct to the dataset filename box.

= Change cluster by from rows to columns. This step will allow us to cluster samples rather than genes in our SOM cluster
algorithm.

= Click Run.

=  When the job finished dialog box appears, the job is complete.

= Open the soMClustering node. The SOM result file will be there, as shown in the image below.



_4 PreprocessDataset (25) Job 11j2/05 ...
@ al_aml_test.preprocessed.git gt
@ gp_task_swecution_jog. bt b=t
| SOMClustering (26)
al_s g e |
@ gp_task_ewmecution_log.bxt

MName: all_aml_test.preprocessedl, odf
Size! 915.0KB

Exercise 2c: Saving Result Files Locally

GenePattern modules create result files that are stored on the server. However, the server storage is temporary and result files are deleted
after they have been on the server for a certain length of time (the default is one week). To save result files permanently:

=  Open the soMClustering node.

= Right-click (Mac users Option-click) the cluster result file.
=  Select save To and then the desired location.

=  You will see the available options, as shown below, prompting you to select a location where the file will be saved.

= Save the file in your desired location, in this case, the all_aml directory.

(Alternatively, click the result file and select Results->Save to.)

Marme . ¥ind |Cu|11|:|hbm:l|

4 PreprocassDataset (25) Job 11j2/05 ...
# all_aml_test.preprocessed.gct gt
& gp_task_eccecution_jog.bxt bk

| SOMChestering (26) Job 112005 ...

ga odf S0M ..,

attern) TutorialDataop_tutoral_files)all_aml

The file will appear in your project directory node.

4 al_aml (I:}GenaPatternl TutorialDat, .. Project 11)2f0...
& al_aml_test.c cls 11/2/0...

& al_aml_train,cls cls 11200, .
@ al_aml_train.res ras 11j2f0...




Viewing Analysis Results in the GenePattern Graphical
Environment

In GenePattern, the process of viewing data is identical to the process of analyzing data. The Visualization menu displays the modules
that allow you to view and manipulate your data and to create graphics that can be viewed in other applications.

There are two types of visualizer: [ visuatzation Pipelines Sutes History |
Comparathvetarkes Selectiontiewer
= Viewer - a module that lets you view your data graphically and to interactively manipulate the FeatureSummaryiewer
view. By convention these are named with "Viewer" in the name. GenelistSignificanceiewsr
= Image creator - a module that creates static graphics for view in other applications. These HeatMspimage
include modules to generate GIF, JPEG or other graphic files, PDF files, etc. By convention HeatMapiiewer
these are named with "Image" in the name. HierarchicalChusteringlmags. MATLAB
JavaTresView
MAGEMLImportYizwer
PCAViEweEr
PredictionResultsViewer
SOMusterViewer

Following are brief descriptions of the visualizers currently available. As new visualization tools are released, they are added to the
Visualization menu; therefore, your Visualization menu may include additional tools.

= ComparativeMarkerSelectionViewer - Displays the results from ComparativeMarkerSelection and permits filtering and extraction
of Feature Lists.

=  FeatureSummaryViewer - Displays in table format, features used to build models in cross-validation.

=  GenelistSignificanceViewer - Displays the results of marker selection algorithms such as ClassNeighbors and GeneNeighbors
in the format of a gene lis t with associated significance values.

= HeatMap Image - Creates a graphic of a heat map in one of several formats. This module is useful when you want to create a
graphic without having to do it manually using the HeatMapViewer Ul, for example as a step in a pipeline.

= HeatMapViewer - Displays a dataset in a heat map format, graphically showing the up- and down-regulation of genes.

= HierarchicalClusterViewer - Displays results of hierarchical clustering in a 2-dimensional biclustered-tree format.

= JavaTreeView - Displays a hierarchical clustering viewer that reads in Eisen's cdt, atr, and gtr files.

= MAGEMLImportViewer - Takes a zip file containing MAGE-ML files and imports the data into GenePattern. MAGE-ML is a
standard for the representation of microarray expression data.

= PCAViewer - Displays a 3D representation of PCA analysis results. This viewer is adapted from the PCA viewer in TIGR's Multi-
experiment Viewer package.

=  PredictionResultsViewer - Displays results of prediction (supervised learning) algorithms (eg. KNN, Weighted Voting), such as
true versus predicted class, confidence level, etc.

=  SOMClusterViewer - Displays results and permits navigation of SOM clusters.

Exercise 2d: Viewing Clustering Results
Analysis Step 3. Viewing SOM clustering results
To view the result file you just created:

=  Select visualization->SOMClusterViewer.
=  Click and drag the file created in the soMCluster node to the "som cluster filename" box.
= Click Run.

You will see the SOM Cluster Viewer, shown below, displaying the two clusters from the SOM analysis.

= Click on a thumbnail cluster profile on the left pane to view the contents of each cluster.
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Exercise 2e: Marker Selection in GenePattern

Now we will continue the analysis to use this data to find the genes that best distinguish AML from ALL samples. To do this, we use the

ComparativeMarkerSelection module.

Analysis Step 4: Marker Selection

Class Vectors

Marker selection algorithms and prediction algorithms need to know to which class each sample in a dataset belongs. For example, to find

the genes that best distinguish between ALL and AML, the algorithm needs to know which samples are ALL and which are AML. In

GenePattern, this label information is contained in Class Vector (.cls) files.
To view the format of the class vector file for the ALL/AML dataset:

=  Selectthe all_aml project directory.
= Double clickon all_aml_train.cls.

You will see the following screen:




B all_aml_train.cls - Notepad =101 x|

El= Edit Format Wiew Help

BE 2 1 =
# ALL AML
Qooo0eQ0O0OQOCOQOOOQOCOQOQOO0OO0CO0OCC0C000CO0OC0CD0D1I111121212111

=

The first line indicates that there are 38 samples, representing 2 classes (the "1" is non-functional).

The second (optional) line names the classes, starting with 0. In this file, class 0 is named ALL, and class 1 is named AML.
The third line contains the class of each sample. In this file, the first 27 samples are class 0 (ALL) and the next 11 are class 1
(AML).

More information on class vector files is available in the File Formats section.

This section of the tutorial will depart slightly from the published research. We have released a new marker analysis algorithm which is
superior to the version used in 1999. The original analysis may still be reproduced using the all.aml.methodology pipeline.

To run the marker analysis algorithm:

Select Analysis->Gene List Selection->ComparativeMarkerSelection.

This algorithm finds the genes whose expression differs most between two classes. In this case the two classes are AML and ALL.
Difference is determined by a statistical measure such as a signal to noise (S2N) or t-test.

Right-click (Mac users Option-click) all_aml train.res and Send To the "input filename" box.
Right-click (Mac users Option-click) al1l_aml train.cls and Send To the “cls filename" box.
Click Run.

To select the top 50 up regulated and the top 50 down regulated genes:

Select Analysis->Gene List Selection->ExtractComparitiveMarkerResults.

Right-click (Mac users Option-click) the al1_aml train comp.marker.odf file and Send To to the "comparative marker
selection filename" box.

Right-click (Mac users Option-click) the original dataset all_aml train.res from the project directory and Send To to the
"dataset filename" box.

In the number of neighbors box, enter "50".

Click on Run.

Exercise 2f: Visualizing Data

Heat Map Viewer

When the analysis is complete, you will see the ExtractComparativeMarkerResults node "Completed" date appear in the Results
pane. An intuitive way to visualize these results is in a heat map format, also called a colorgram.

To visualize the ComparativeMarkerSelection results:

Open the ExtractComparativeMarkerResults node in the Results pane.

Select the Visualization->HeatMap Viewer menu item.

Right-click (Mac users Option-click) al1_aml train.comp.marker.filt.res and Send To to the £ilename input box.
Click Run.

You will see the following screen:
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This visualizer has many features, but the most important ones to notice are:

= Upregulated values are in red, downregulated in blue.

= Samples are listed along the top row, genes are down the left side.

" The cell Information tab displays the annotation of the gene currently under the cursor.
= The Grids and Grid Sizes tab allows you to enlarge and reduce the grid size.

As for the data itself, you can see that there are quite a few genes which by visual inspection look as though they do a very good job of
separating AML from ALL.

Comparative Marker Selection Viewer

In addition to creating a dataset, ComparativeMarkerSelection also creates a table of the significance values for the genes that it
finds.

To view the genes and their significance values:



= Select the Visualization->ComparativeMarkerSelectionViewer menu item.

= Open the ComparativeMarkerSelection node.

=  Right-click (Mac users Option-click) all_aml_ train.comp.marker.odf and Send To the input filename box.
= Click Run.

You will see the screen shown below:
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This robust visualizer includes interactive histogram plots of the feature specific p-value, FWER, FDR (BH), Q value, and maxT p-value.
There is an interactive plot of the descending test statistic rank versus the test statistic value included, which is useful for visualizing the
number of features that have a positive and negative test statistic value in each class. Pair-wise comparison of different significance
measures can also be plotted, so as to help the user assess the relative stringency of the hypothesis-rejection criteria selected. You can
change filtering criteria in the viewer, then view features that pass the filtering and create new datasets and features lists from these filtered
features. All the plots are dynamically updated to include only those filtered features.

Annotation of features is provided by two mechanisms. Affymetrix probe ids can be interactively annotated from genomic databases. You
can also enter your own annotations of features and view these annotations with color-coding. Lastly, you can visually inspect the profiles
of each feature across each sample. All of these options are outlined in the documentation for the visualizer. Remember that the
documentation is always accessible from the Help button located at the bottom of the module pane.

Exercise 2g: Creating a JPEG Image of a Colorgram/Adding Files From Outside the Object Browser

Visualizers allow you to manipulate data graphically, but you may want to create a graphic image non-interactively, for instance as a step in
a pipeline. To do this, you can use an Image Creator module. In this example, you will create a JPEG graphic of the heat map for the data
you created in the ComparativeMarkerSelection analysis.

Adding input files from outside the GenePattern environment

As part of this exercise, you will also learn how you can add input files to an analysis without having to click and drag from the Object
Browser. The GenePattern client also allows you to click and drag a file from any folder or URL to a file input box.

To demonstrate this functionality, you will do the following in this exercise:

1. Save the filtered ComparativeMarkerSelection dataset result file locally.
2. Open the HeatMaplimage module.



3.

Run the HeatMaplmage module using the file you saved to your local folder.

1. Save the filtered ComparativeMarkerSelection dataset result file locally

Open the
ExtractComparativeMarkerResults

node.

Right-click (Mac users Option-click)

all aml train.comp.marker.filt.
res.

Choose save To and then the path to ® gp_task_sxecution Ta b
your datasets. || PreprocessDataset (25) 3 Delate File
[ | SOMClustering (26)

Harme . Kind |Completed
| | ComparativeMarkerSelaction (28)  Job 112405 ..,
' ExtractComparativetarkerResuts. .. Job L1205 ...

@ al_aml_train.comp. o SendTo b

Open With:

2. Open the HeatMapIlmage module

Select the Visualization->HeatMapImage menu item.

3. Run the HeatMaplmage module using the file you saved to your local folder

Find and open the folder on your hard drive that contains the all aml datasets.

Arrange your windows so you can see both the all_aml_train.comp.marker.filt.res file icon there and the "file input”

box in the HeatMaplmage module (see image below).
Click and drag the file from the all_aml window onto the input box.

Click Run.
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Dragging a file from a window to the GenePattern Graphical Client




=  When the job completes, open the HeatMapImage node.

=  Right-click (Mac users Option-click) to save the file to your local
all aml project directory.

= Notice that the file has been added to your all_aml window.

=  Double click on this file. You will see it open in the JPEG image
browser your system currently has configured.

e all_ami_train.comp.marker.filt_jpg - Windowss

Prediction with GenePattern

Prediction algorithms

Prediction (supervised learning) algorithms "“learn" how to distinguish between members of different classes (for example, tumor versus
normal) by "training" themselves on a set of data where the classifications are already known. Using these examples, prediction algorithms
create a model, which is then used to predict which class an unknown sample belongs to. (By unknown, we mean unknown to the
prediction algorithm. The researcher may know the correct class, and in fact, must know the correct class in order to determine the
algorithm's accuracy.)

Testing prediction accuracy: Train/test and Cross-validation

There are two basic approaches to testing the accuracy of a prediction algorithm: train/test and cross validation. Train/test uses one dataset
to train a prediction algorithm and another to test it. Cross-validation is a refinement of the train/test approach, separating a single dataset
into a number of pieces and running one train/test once for each piece, in which the algorithm is trained on all samples not in that piece,
and the samples in the piece are used as a test set. The error rates over all iterations are averaged, providing a more accurate picture of
the prediction accuracy of the algorithm.

The GenePattern modules that offer cross-validation (KNN, PNN and Weighted Voting), use leave-one-out cross-validation, in which, for
every sample, a model is created on all data except that sample, and the model is then used to predict the class of that sample.

Exercise 2h: Prediction with GenePattern: test/train/Adding files from URLs

This exercise will demonstrate how to run prediction (supervised learning) analyses with GenePattern. You will do a K-nearest neighbors
(KNN) analysis on the AML/ALL dataset using a train set and a test set. (Because preprocessing is a frequent part of KNN, it is included in
the algorithm.) You will then view the prediction results. This exercise will also demonstrate how to add files from a Web browser into the
GenePattern Graphical Environment.



Entering Data into GenePattern from a URL

= Select the Analysis->Prediction->KNN menu item.

= Open a web browser and load the GenePattern datasets page, http://www.broad.mit.edu/cancer/software/genepattern/datasets.
= Click and drag the all_aml_train.res linktothe train filename box.

= Click and drag the all_aml_ train.clslinktothe train class filename box.

= Click and drag the al1_aml test.res linktothe test filename box.

= Click and drag the al1_aml test.clslinktothe test class filename box.

= Click Run.
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Entering files into the GenePattern Graphical Environment from a browser

= When the job finishes, open the KNN node.

=  To view the results, select the Visualization->PredictionResultsViewer menu item.

= Right-click (Mac users Option-click) al1l_aml test.pred.odf and Send To to the "prediction results filename" input box.
= Click Run.

You will see the visualizer shown below, which allows you to view the results of the prediction algorithm:
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This visualizer shows the following information for each sample:

=  Datapoint - The name of the sample whose class is being predicted
= Predicted Class - The class that the algorithm predicted for this sample

=  True Class - The true class of the sample

= Confidence - The confidence level with which the algorithm has predicted this class

= Error - Marked if the prediction is incorrect

Confidence Levels

This viewer also allows you to specify a minimum confidence level, under which a sample will not be counted in the error rate of the
predictor. To change this threshold level, enter a value between 0 and 1 in the No call threshold input box and click Update Calls.
You will see an NC in the Error column where a sample is marked as no-call, and the ROoC Error value will change accordingly.

Confusion Matrix

If you want to see where the algorithm tends to misclassify samples, click the Confusion Matrix button. You will see the following
screen:
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members that were given this prediction (each row totals to 100%). The second, in parentheses, is the actual number of samples with the
given true and predicted classes. For example, in the cell corresponding to a predicted class of ALL and a true class of AML, there is 1
sample, representing 7% of class ALL samples which were misclassified as class AML.

Exercise 2i: Supervised Learning with GenePattern: cross-validation

This exercise will compare the train/test approach used in the previous exercise with cross-validation. You will run the same KNN algorithm,
but will use cross-validation rather than train/test to determine its accuracy.

= Select the Analysis->Prediction->KNNXValidation menu item.

= Inthe all_aml project directory, right-click (Mac users Option-click) all_aml_ train.res and Send To the "data filename" input
box.

= Inthe all_aml project directory, right-click (Mac users Option-click) all_aml train.cls and Send To the "class filename" input
box.

= Click Run.

=  When the job is done, open the KNNXValidation node.

=  Selectthe Visualization->PredictionResultsViewer menu item.

= Right-click (Mac users Option-click) and send the all aml train.pred.odf file to the "prediction results filename" input box.

= Click Run.
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Viewing Model Features: Feature Summary Viewer



When you create a prediction model, you specify how many features of the original dataset are to be used in the model. In the exercise you
have been doing, the number of features you enter in the Num Features input box of the KNNXvValidation module corresponds to the
number of genes that are used to predict whether a sample is ALL or AML.

When you run a cross-validation loop, a new set of features is chosen each time the algorithm is trained. To view a summary of the features
that were used in cross-validation and how often they appear in a model, you can use the FeatureSummaryViewer:

= Select the Visualization->FeatureSummaryViewer menu item.

= Open the KNNXValidation hode.

= Click and drag the all_aml_train.pred.feat.odf file to the "feature filename" input box.
= Click Run.
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Feature Summary Viewer

The Feature Summary Viewer displays information about the model that was used in a prediction algorithm:

= Model Type - This indicates the algorithm that generated this model
=  Num Features - The number of features selected in each iteration of the cross-validation loop

The table shows the features that were chosen in all runs of the cross-validation loop, along with the number of times they were chosen:

=  Feature Name - The name of the feature.



= Description - A description of the feature

=  Count - The number of iterations of the cross-validation loop in which this feature was included in the model. In the example of
all aml train.res, there are 38 samples, so in leave-one-out cross validation, this number can be at most 38. Higher values
indicate greater stability for this feature as a predictor.

Additional Analysis Features

The GenePattern Graphical Client contains several features that allow you to work more effectively. These include replaying and removing
previous analyses, and running batch analyses.

Exercise 2j: Re-running previous analyses

You may find that you need to re-run a previous analysis with small changes, or to recall the parameters that you used in a certain analysis.
GenePattern Graphical Client allows you to do this by reloading the parameters of any analysis job you have run.

In this exercise, you will reload the parameters you used in the SOM analysis, change the number of clusters, and re-run the analysis.

=  Right-click (Mac users Option-click) the SoM Clustering node.

= You will see a pop-up menu prompting you to Reload, Delete Job Or View Code, as shown below.

= Select Reload. (Alternatively, click the node and select Results->Reload.)

=  You will see the soMClustering analysis window, with the parameters you entered in the SOMClustering exercise.

®* Inthe cluster range input box, enter 5.

= Click Run. The SOMClustering algorithm will run again, with the same input files and parameters you used in the previous analysis

but with 5 clusters this time.
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Reload a job that was run earlier

Alternatively, you can re-run previous tasks from the History menu: select the History menu, which lists previously run tasks, and then
select the task to re-run.

In some cases you may be interested in copying the code used to produce this analysis result.

= Right-click (Mac users Option-click) the SOM Clustering node.

= You will see a pop-up menu prompting you to Reload, Delete Job Or View Code.
= Select view Code. (Alternatively, click the node and select Results->View Code.)
= You will see an option for Java, MATLAB, and R.
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If you choose MATLAB, for example, you will see the following window with the code for the SOM Clustering job. For more information
about how MATLAB code works with GenePattern, see Using MATLAB Modules in GenePattern.

£ MATLAB code for SOMClustering, job 40 |

params = getHethodParameters (gpSerwer, 'urn: l3idibroad.mic..edu: cancer . 30fcware .

genepattern.module. analvsis 00029:2 ") ;

params.iterations = ' 50000 ;

parm,seed_range = lggrz

params.output_stub = "<dataset.filename basename>';

params.som cols = '0';

params.Sigma_initial = '5.0';

params.cluster range = '5';

ﬂﬂfm-ﬁimhﬂ_flhﬂl = "0.5':

params.som rows = '0';

params.cluster by = 'columns';

pacams.alpha_initial = '0.1';

params.neighborhood = 'Bubble';

params.inicialization = 'RBHHQH_UEE!CDES':

params.dataset_filename = "http://127.0.0.1:8080/gp/retrieveResults. jsp?jokb=25
Sfilename=all aml Cest.preprocessed.got’:

pacams.alpha_final = "0.005';:

results = runinalysis (gplerver, " S0HC1lustering', params, "urn:lsid:broad.mit.ed
2 CANCEE . 20ECWALE . genepattern. module . analyais :00029:2 " ) ¢

MATLAB code for the SOM Clustering job run earlier

Exercise 2k: Removing result files

As you run more and more analyses, the Object Browser will contain a growing number of result nodes. If you no longer need results from
an analysis, you can remove them from your Results pane.

In this exercise, you will remove the results of the PreprocessDataset analysis you ran in Exercise 2a.



Results
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= Close the PreprocessDataset node. ::Hna:;:aplrrl::: IEI::I e b “:2:05
=  Right-click (Mac users Option-click) the node. [~ ki (35) Toh 142005 ...
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View Code. PreprocessDataset (25
= Select Delete Job. |~ | SOMClustering {26)
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(Alternatively, click the node and select Results->Delete Job.)

GenePattern ) : x|

= You will see a dialog box asking if you are sure you want to remove this job.

= Click Yes. Are you sure you want to delete job rumber 267

The entire PreprocessDataset node will be removed.

Alternatively, you can delete analysis results from the History menu: select History->View All. In the History window, select the task
to delete and then select Purge.

Exercise 2I: Running batch analyses

You can use GenePattern to run an analysis automatically over all of the files in a directory. In this exercise, you will use the batch
processing functionality of GenePattern to preprocess the contents of the stegmaier_leukemia dataset in the tutorial_datasets directory.

= Selectthe Analysis->Preprocessing & Utilities->PreprocessDataset.
=  Find and open the folder on your hard drive that contains the tutorial_ datasets folder.
= Click and drag the stegmaier leukemia folder to the Input filename box.

. When running batch analyses, if a task has multiple file parameters, you can specify a directory name for
E- only one of those parameters.

=  Click Run.
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Analyzing the entire contents of a directory

The analysis will be run on each file in the directory. As each job completes, you will see it appear in the Recently Completed Jobs
window, shown below. If a directory contains files that are in a format that is not appropriate for that algorithm, you will see a message
informing you that the file is in the wrong format, and the rest of the files will be processed.

£ Recently Completed Jobs

[ Show this diskog when a job completes

Results of batch preprocessing analysis

Pipelines

Pipelines allow you to chain modules together into analysis workflows, including the visualization of intermediate and final results. You can
use pipelines to run analyses automatically rather than having to repeat each step manually, to run the same analysis over different data
sets, or to encapsulate the algorithms and parameters you used for a method so it can be remembered later.

Pipelines are essential to the GenePattern design objective of reproducible research. GenePattern uses Life Science Identifiers (LSIDs) to
uniquely identify specific tasks and pipelines. Whenever a new pipeline is created, it is assigned a new LSID. When that pipeline definition
is subsequently modified, the version portion of the LSID is incremented. Each task within the pipeline also has a specific LSID. Therefore,
all of the input parameter names, values, and semantics are fixed and not subject to change or "improvement". Updating a task or a
pipeline automatically updates the version number of its LSID; the original task or pipeline is not changed or deleted. Thus, a researcher
may precisely reproduce any previous analysis with a mouse click.

=  Typically, you update the latest version of a task or pipeline, which increments its version number. For example, editing
version 1 of a pipeline creates version 2 of that pipeline. You may at times need to edit an older version of a task or pipeline.
This creates a “point version” of that task or pipeline. For example, if you have versions 1 and 2 of a pipeline, editing version



1 of the pipeline creates version 1.1 of that pipeline.

You can create, edit, and run pipelines from either the GenePattern Graphical Client or the GenePattern Web Client. To delete pipelines,
you use the GenePattern Web Client. In this section, you learn how to work with pipelines using the GenePattern Graphical Client.

Types of Pipelines

A sequential pipeline starts with a data source and performs various operations, each operation building on the results of the previous one,
until a final result is reached.
Sequential Pipeline
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A parallel pipeline performs many independent tasks on the same data file.
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Most real-world pipelines have both parallel and serial elements.

Viewing a Pipeline

The Pipelines menu lists the pipelines available to you. In this exercise, you will examine the Golub.Slonim.1999.Nature.all.aml pipeline
(Golub and Slonim et al.), which uses clustering and prediction algorithms to find genes that distinguish between two subtypes of leukemia,
ALL and AML.

Exercise 3a: Viewing a pipeline
To view the Golub.Slonim.1999.Nature.all.aml pipeline:

=  Select Pipelines-> Golub.Slonim.1999.Nature.all.aml.
= Click view at the bottom of the page. The pipeline definition appears in the window.

= |f any modules used in the pipeline are not installed on the server, the window lists the missing modules. Click the Install
T, Missing Modules From Catalog button to install the missing modules. After the modules have been installed, click
' 4 Refresh View. The window should now look the same as the one shown below.
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Notice the following elements of the pipeline definition window:

The first line shows the name of the pipeline and a drop-down menu of versions. By default, you are viewing the most recent
version of the pipeline.

To view author information and documentation for the pipeline, expand the Details field by clicking the plus (+) sign.

Below the Details field is a scrolling window that lists each task in the pipeline, as well as its parameters. You can hide/show
parameter details for each task individually (plus/minus icon to the left of each task) or for all tasks at once (Collapse
All/Expand All buttons at the top of the window).

The key to connecting tasks in a pipeline is to take the output from one task and use it as the input for another task. For example,
in this pipeline, the input for Task 4 (SOMClusterViewer) is the output from Task 3 (SOMClustering). To help you visualize these
connections, when you mouse over an input file that comes from another task, the GenePattern Graphical Client highlights the
source task. To see this, place your mouse cursor over the words 1st output in Task 4. When you do, Task 3 (SOMClustering)
is highlighted in yellow, as shown below this list.

The buttons at the bottom of the window allow you to run, edit, or export the pipeline to a zip file. Help displays the documentation
for pipeline.
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Running a Pipeline

Now that you have examined the pipeline definition, you can run the pipeline. In this exercise you run the Golub.Slonim.1999.Nature.all.aml
pipeline and examine the results.

Exercise 3b: Running a pipeline

=  Select Pipelines->Golub.Slonim.1999.Nature.all.aml. (If you are already viewing or editing the pipeline, you do not
need to select it from the menu.)
= Click Run at the bottom of the page.

The pipeline is listed in the Results window with a status of processing. As each task in the pipeline completes, its output files are added to
the results window. After a few minutes, a number of visualization tools open as those tasks in the pipeline complete. The pipeline job is
completed when all tasks in the pipeline are completed. At that point, your results window should like the one below:
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The pipeline results files are exactly the same as the analysis results files. Right-click (Mac users Option-click) a file to open, save, or delete
the file. (Alternatively, click the file and select the desired action from the Results menu.)

Creating a Pipeline
You can create a pipeline in one of two ways:

=  From scratch. Use Pipelines->New to create a new pipeline. You then add tasks to that pipeline.

= From a results file. Right-click (Mac users Option-click) a results file and select create Pipeline to create a new pipeline that
contains the tasks used to create the results file. (Alternatively, click the file and select Results->Create Pipeline.)
GenePattern adds the module that created the results file to the pipeline and then checks its input file. If the input file for the
module was the output file of a previous module, GenePattern adds the previous module to the pipeline and then checks its input
file. GenePattern continues to walk back through the chain of modules, adding to the pipeline, until it reaches the initial input file.

In this exercise, you will create a pipeline from scratch. The pipeline will do the analysis portions of the first all/aml exercise: filtering, SOM
clustering, and finding markers for the resulting data.

Exercise 3c: Creating a pipeline

= Select Pipelines->New.
®= In the Name field, enter: my.all.aml.

- Avoid special characters in pipeline names, such as: |,@,#,%$,%,",&,*,_ Also, machines running Windows
cannot accept files with names that consist of the following, regardless of the file extension: con, prn, aux,
nul, coml, com2, com3, comé4, lptl, 1lpt2, lpt3.For cross-platform compatibility, it is best to avoid

» usingthese names.

. GenePattern does not prevent you from using the same name for multiple pipelines; however, using

unigue names is strongly recommended.

= Inthe Description field, enter: Performs analysis portion of all/aml exercise.

=  Display author information by clicking the plus (+) sign next to Details. Completing this section thoughtfully helps to maintain
pipelines and ensure that analyses are understandable and reproducible.

= Inthe Privacy field, select Private. A private pipeline can only be seen and run by a user logged in using the email address
specified in either the author or owner fields of this form; a public pipeline can be seen and run by all users.

®* Inthe Version comment field, enter: initial draft. This comment will be visible on pages used to keep versions up to date, so
keep your comments complete and concise.

"=  You use the Documentation field to upload documentation to accompany your pipeline. Documentation is strongly encouraged
for "Public" pipelines.
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Exercise 3d: Adding tasks to a pipeline
Now, you are ready to add tasks to your pipeline.

= Click the Add Task button. The Add Task window appears.
= From the Category list, select Preprocess & Utilities. The Task list on the right is populated with all preprocessing modules.
=  From the Task list, select PreprocessDataset and click OK.

£ Add Task

erri Bimahoie

The PreprocessDataset task and its parameters are displayed in the pipeline definition window.
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The first line of the parameters window shows the task name, description, and a drop-down menu of versions. The drop-down menu allows
you to choose which version of the installed PreprocessDataset module to use. Ensure you have selected the latest version.

For each parameter, you can enter a value or select the Prompt when run check box to have the pipeline prompt for a value each time it
is run. Enter the following parameter values:

= Forthe input filename, click Browse and navigate to your datasets. If you need to download them again you may do so here.
Go into the aml_all folder and choose all aml train.res.

=  Forthe output file format, select "gct".

= Forthe filter flag, select filter.

. For minchange, enter 5.

Let the rest of the parameters remain at the default. GenePattern will provide a filename for your results files. If you'd like to use a name
other than the one provided you can enter it in the output filename box.

= Click the Add Task After button to add a task after Task 1, PreprocessDataset; the task selected in the drop-down menu to the
left of the button.

=  When the Add Task window appears, select Clustering from the Category list, select SOM Clustering from the Task list, and click
OK.

The SOMClustering task and its parameters are displayed in the pipeline definition window. (You can scroll the window to see the previous
task.) In the first line of the task definition, check the version drop-down menu to ensure that the latest version is selected.

As mentioned earlier, pipelines allow you to take the output from one module and use it as the input of another module. You want the input



for the SOMClustering task to be the gct output from the PreprocessDataset task. To do this:

= Tothe left of the dataset filename field, click the check box Use output from previous task. The Browse button is
replaced by the Choose Task drop-down menu, which lists all previous tasks in the pipeline.

= Select PreprocessDataset from the drop-down menu. Because the PreprocessDataset has multiple output files, a Dataset
drop-down menu appears.

= Select gct from that drop-down menu.

B2, SOMClustering  [Self-Organizing Maps algorithm [2=]

Promipt when run

[T dakaset Filename: Ii. PruumssDﬂasetdl_ 'I [ Use output from previous bask

" For cluster range, enter 2.
= Save the pipeline by clicking the save button at the bottom of the page.
= A confirmation message appears. Click ok. (The new pipeline is now in the Pipelines menu.)

To run your newly created pipeline:

= Click the Run button at the bottom of the screen.
= A confirmation window appears asking if you want to save the pipeline before exiting the editor. You have just saved the pipeline,
so click Don’ t save. (Clicking save will create a new version of the pipeline.)

GenePattern 3 x|

Do you want: to save the pipsline before exdting the edior?

The pipeline runs and the results appear in the Results window, as shown below. Right-click (Mac users Option-click) a file to open, save,

or delete the file.
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Editing a Pipeline

You can edit any pipeline listed in the Pipelines menu, regardless of whether you originally created the pipeline. You can create a new
version of the existing pipeline or creating a new pipeline based on the existing pipeline. To create a new version of the pipeline, edit the
pipeline, make the changes, and save it. To create a new pipeline based on an existing one, edit the pipeline, change its name, make any
other changes, and save it.



In the following exercises, you edit the pipeline that you just created. You create a new version of the pipeline adding the
ComparativeMarkerSelection task and a prompt for the cluster range parameter of the SOMClustering task.

Exercise 3e: Editing a pipeline
To edit the my.all.aml pipeline:

= Click pipelines->my.all.aml. Notice that the pipelines that you have created are color-coded in bright pink.
=  Click the Edit button. The pipeline definition is displayed in the window.

First, update the version comment:

=  Expand the Details field (click the plus (+) sign).
=  Modify the Version comment to reflect the changes you intend to make.

Next, have the pipeline prompt the user for the cluster range parameter value for Task 2, SOMClustering, each time it is run:

= Scroll to the cluster range field of Task 2, SOMClustering.
=  Click the Prompt when run check box to the left of that field.
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Now, add the ComparativeMarkerSelection task to the end of the pipeline (after the SOMClustering task):

=  Locate the Add Task buttons at the top of the task definition window.
= |n the drop-down menu to the left of the Add Task After button, select the SOMClustering task.
= Click the Add Task After button. The Add Task window appears.

When the Add Task window appears, select GeneListSelection from the Category list, ComparativeMarkerSelection from the Task
list, and click ok. The ComparativeMarkerSelection task and its parameters are displayed in the pipeline definition window.

The input to this analysis should be the gct file that results from the PreprocessDataset task. To select this file: select the Use
output from previous task checkbox to the right of the input filename field; from the Choose Task drop-down menu,
select PreprocessDataset; from the Dataset drop-down menu, select gct.

The cls filename parameter for this analysis will be the all_aml train.cls file. Click the Browse button, navigate to
your tutorial datasets, go into the aml_all folder, and choose all_aml_train.cls.

Leave the other parameters set at their default values.
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Other editing features, which were not used in this exercise, include:

= Move Up button, which rearranges the tasks in the pipeline. For example, to run the ComparativeMarkerSelection task before the
SOMClustering task, you would click the ComparativeMarkerSelection task and then click Move Up.

= Delete button, which deletes a task from the pipeline. For example, to delete the ComparativeMarkerSelection task, you would
click the ComparativeMarkerSelection task and then click Delete.

Finally, to save your changes and run the pipeline:

= Click save. When the confirmation message appears, click oK.
= Click Run. When the confirmation message appears, click Don’ t Save (you just saved the pipeline).

This time, when you run the pipeline, it prompts you for the cluster range parameter, as shown below:

my.allaml |L.5;|
Performs analyis portion of allfaml exercise
[ Show Parameter Descriptions

SOMClustering? clusber range: I?Z-S

= Enter 2 for the SOMClustering cluster range value.
= Click Run. The pipeline results appear in the Results window.

Exporting a Pipeline

Exporting a pipeline creates a zip file, which can easily be transported. If you want to share the pipeline (and its tasks) with other
GenePattern users, you can send them the pipeline zip file. The other users can then import the pipeline into their GenePattern
environments.

Exercise 3f: Exporting a pipeline
In this exercise, you export the Golub.Slonim.1999.Nature.all.aml pipeline.

= Select Pipelines->Golub.Slonim.1999.Nature.all.aml.
= Click the Export button at the bottom of the window. The export confirmation window appears.

GenePattern o x|

Press Inchude basks’ to indude all basks used by Golub, Slonim, 1999 Nature. all 2l pipeding in the exported 5ip file,
Press Pipeline only” bo include only the Golub. Slonim. 1999, Mature. all.aml. pipeline definition itself.

You can export either the pipeline or the pipeline and its tasks:

= Click pipeline Only to create a zip that contains the pdf documentation for the pipeline and a programmatic description of the
pipeline.

= Click Include Tasks to create a zip file that contains multiple zip files: the pipeline zip file (as described above) and a zip file for
each task. The zip file for each task contains the pdf documentation for the task and the program files that implement task.

To import a zipped pipeline file into your GenePattern environment, select File->Import Module. This menu item allows you to import
pipelines, analysis modules, and visualization tools.

Deleting a Pipeline

To delete a pipeline, use the GenePattern Web Client (see Deleting Modules).



Suites

Use suites to filter the menus that list the analysis modules, visualization modules, and pipelines showing only those that you are interested
in. To use suites:

= You create a suite that lists the modules and pipelines that you are interested in.
= You apply the suite as a filter to the menus. The menus will show only the modules and pipelines that are listed in the suite.

In the following exercises, you filter the menus to show the Golub.Slonim.1999.Nature.all.aml pipeline and the analysis and visualization
modules used in that pipeline.

Exercise 4a: Creating a suite
To create a suite:

= Select suites->New. The suite definition appears in the window.

= In the Name field, enter a name for the suite: GolubSlonim.

®" |nthe Description field, enter: Tools for Golub.Slonim.1999.Nature.all.aml.

= Expand the Details field and, in the Privacy field, select Private.

= Select the check boxes for the modules used in the Golub.Slonim.1999.Nature.all.aml pipeline: under Clustering, SOMClustering;
under Gene List Selection, ClassNeighbors; under Pipeline, Golub.Slonim.1999.Nature.all.aml (select version 1 of the pipeline);
under Prediction, WeightedVoting and WeightedVotingXValidation; under Preprocess & Utilities, PreprocessDataset; under
Visualizer, FeatureSummaryViewer, GeneListSignificanceViewer, PredicationResultsViewer, and SOMClusterViewer.

=  Click save.

= When the confirmation message appears, click oK.
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Exercise 4b: Applying a filter
Now, use the GolubSlonim suite to filter the Analysis, Visualization, and Pipeline menus:

=  Select Suites->Filter.
= In the Filter window, select the Filter radio button. The window lists the available suites.
= Click the check box next to GolubSlonim, and then click OK.

£ ]
" Mo Filteriewg (show &l tazks)

% Fiter (show onby tasks from selected sukes)
Show suite

I+ GolubSlonim

concel | ok |

Notice that the Analysis, Visualization, and Pipeline menus now contain only the analysis modules, visualization modules, and pipelines
that are listed in the GolubSlonim suite. To remove the filter from the menus:

= Select Suites->Filter.
= In the Filter window, select the No Filtering radio button.
=  Click ox.



Notice that the Analysis, Visualization, and Pipeline menus now show all of the analysis modules, visualization modules, and pipelines.

Exercise 4c: Editing a suite
To edit a suite:

= Select Suites-><suite-name>. For example, to edit the GolubSlonim suite, select Suites->GolubSlonim. The suite
definition appears in the window.
= Make the desired changes and click the Save button. GenePattern creates a new version of the suite.

Exercise 4d: Exporting a suite

Exporting a suite creates a zip file, which can easily be transported. If you want to share the suite with other GenePattern users, you can
send them the suite zip file. The other users can then use the GenePattern Web Client to import the suite on to their GenePattern servers.

To export a suite:

= Select Ssuites-><suite-name>. For example, to export the GolubSlonim suite, select Suites->GolubSlonim. The suite
definition appears in the window.

= Click the Export button. The file selection window appears.

= Select a destination directory and name for the zip file, then click save.

To import a suite, you must use the GenePattern Web Client:

= Launch the GenePattern Web Client.
= Under Suites in the right column, select import.

You will learn more about the GenePattern Web Client in the next section of the tutorial.

GenePattern Web Client

The GenePattern Web Client (also called the GenePattern home page or GenePattern server home page) is primarily used for
administrative tasks. To explore the Web Client, you will need to have both the GenePattern server and GenePattern Web Client running. If
you have not launched them, you can follow the directions for launching the GenePattern server and Web Client in Getting Started.

After you launch the GenePattern Web Client, you will see the web page shown below:
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= The GenePattern icon in the upper right corner returns you to this home page.
=  The Recent Jobs section lists the jobs that the server has recently executed.

[i] Click the information icon next to a job to display the job’s status and its parameters.
Click a results file to view the file.
[F] Click the pipeline icon next to a results file to create a pipeline that contains the modules used to generate that file.

= The Tasks section lists the analysis and visualization modules. Both the Web Client and the GenePattern Graphical Environment
(GPGE) allow you to run, view, edit, export, and import these modules. The Web Client also allows you to create and delete
modules, as described in Task Integrator.

=  The Pipelines section lists the pipeline modules. Both the Web Client and the GenePattern Graphical Environment (GPGE) allow
you to run, view, edit, export, create, and import these modules. For information about working with pipelines in the Web Client,
see Using Pipelines.

In the column on the right:

=  The Tasks and Pipelines links provide quick access to key functions that are also available in the Tasks and Pipelines sections. In
addition, you can use these links to delete modules (analysis modules, visualization modules, and pipelines) and to install modules
from the Broad Repository. For more information, see Task Integrator.

= The Suites links allow you to create, import, install, and delete suites, as described in Using Suites. Use the Filter by Suite link in
the title bar to have the Tasks and Pipelines menus show only those modules listed in a particular suite.

=  The Server Administration links provide access to two key server areas: the job results window, as described in Managing Jobs,
and the server administration window, as described in Server Administration.

= The Documentation links provide quick access to all GenePattern documentation, including the pdf documentation files for all
analysis, visualization, and pipeline modules.

= The Resources links provide quick access to various support resources for GenePattern. In addition to these links, note the two
links in the lower right corner of the window, which you can use to request help or report bugs.




=  The Programming Libraries links provide quick access to the software and documentation that you need to use GenePattern from
a programming language. For more information, click the doc link for the appropriate language.

GenePattern Task Integrator

The GenePattern Task Integrator allows you to add tasks and visualizers without writing code. It makes it easy to add "third-party" tools, or
to maintain a common repository of methodologies at your organization. To access the Task Integrator, use the Tasks section of the
GenePattern Web client, as shown in the following exercises.

Exercise 5a: Adding a module

Exercise 5b: Installing/Updating a module
Exercise 5c¢: Importing modules as zip files
Exercise 5d: Deleting a module

Exercise 5e: Exporting modules as zip files

Adding Modules

GenePattern provides three ways to add modules. You can add modules you've written yourself, you can download and update modules

from the Broad Institute's module repository, or you can import modules from a zip file. We will cover these options in the following
exercises.

Exercise 5a: Adding a Module
In this exercise you will learn how to add an analysis module to the GenePattern server. The module you will add is a Perl script that log-
transforms all the positive values in a dataset, as shown in the figure below. Any negative or zero values will be set to 0.

x | Emp | ogTransform | == iogx)

¥ r
Input: Module: Output:
Dataset log_transform Log(Dataset)

=  From the GenePattern home page, under the Tasks section, shown below, click on create.

[ task catalog =l version| |

= You will see a form containing fields that GenePattern will use to describe and store this module. Click Help at the top of the form

to display instructions for adding a task, including descriptions of the fields on the form. Enter the following information into the
fields:

= Name: LogTransform

= LSID: filled in by GenePattern

= Description: Log transform a gct file
= Author: your name and affiliation



= Owner: filled in by GenePattern - your login name
=  Privacy: if you mark private, then only you (as identified by your login name) will be able to view it. If it is marked
public, all users connecting to this GenePattern server will have access to it. Select private.
= Quality level: this is a measure of the robustness of this module, as determined by the author. Filling this field in
accurately will help other users to know how confident they can be in the results produced by this module. The choices
are development, preproduction, and production. Select preproduction.
= Command line: this is the most important part of the task integrator. GenePattern provides several conventions that
allow you to run your code without needing to explicitly specify the location of a Perl interpreter, Java JVM, or R
interpreter:
=  The keyword <1ibdirs> indicates the pathname to your program. Because the GenePattern server will place
the module in a location whose path may change, your module should not assume a pathname to an interpreter
or executable. For instance, you must specify an interpreter on the command line (for example "perl myscript" or
"java my jarfile") rather than embedding them in the script itself, as in "myscript.pl", where the first line of the
scriptis #! /usr/bin/perl).
=  The keywords <perls>, <java>, and <R> refer to the Java, Perl, and R installations that were installed with
GenePattern. If the module you are adding is Java, Perl, or R, you can use these keywords in the command line.
If your module is in executable format, such as compiled C code, you do not need to specify a keyword. If your
module is a script that must be run by an interpreter that is not supplied in the GenePattern installation, such as
Python or LISP, you must refer to it as an absolute pathname. (Eg. /usr/bin/python).
If you have several scripts using the same language, or will be running the same language across multiple
systems where it might be located in different directories, you can add a definition for the language in your
GenePatternServer/resources/genepattern.properties file (eg. python=/usr/bin/python), restart the
GenePattern server, and then refer to it in the command line as <python> foo.py.
= Other items in brackets indicate the names that you are giving to each parameter. In this example, there are two
parameters: the input file (the value after the -F option) and the output file (the value after the -o option). These
appear as <input. filename> and <output. file>. The names you give to the parameters here will be the
names they are given in the GenePattern client interfaces.

To add the command line for this module, cut and paste the following values into the command line input box:
<perl> <libdir>log transform.pl -F <input.filename> -o <output.file>

= task type: Preprocess & Utilities

= CPU:Any

= QOperating system:Any

= Language:Perl

= Version comment: this is where you describe what is special or interesting about this version of the module.

= output description: select all file formats output by your module. In this case choose gct. Only file formats which are
output for the module are acceptable for input to the module. Other modules may output several different files. In that
case you'll need to shift-click or option-click or apple-click to get the appropriate selections.

Your screen should resemble the screen shown below:
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The next step is to upload the actual module and support files:

= Onthe first line in the Support Files section, click Browse. . .

®* Navigate to gp_tutorial files/log transform.

=  Select the file log_transform.pl and click Open

=  Onthe second line in the Support Files section, click Browse. ..

= Select the file LogTransform.pd£ and click Open. This is the documentation file for the LogTransform module.

GenePattern automatically recognizes documentation extensions such as .pdf .doc, and .txt and will launch a file with this
extension when the user clicks the Help button in a GenePattern client.

The input fields below the command line allow you to describe each parameter and set its default values if needed. This is the
information that GenePattern uses to display information for an analysis module. The prefix when specified field is intended

to permit optional flags. If the value you entered in name requires an element to precede it in the command line, you may enter
that in the prefix when specified field.

In this example you will enter descriptions for the two parameters for log_transform, which are input. filename and
output.file.

= Onthe first line in the parameters section, type the following information:
" name: input.filename
description: The dataset to be transformed (gct format)
= type:choose input file
= fileFormat: choose gect
= Onthe next line in the parameters section, type the following information:
" name: output.file
= description: The name of the new transformed file



= type: because this is a name for a user to fill in, choose text
=  Click save.

You will see a message informing you that the task has been saved. To confirm that the task has been added to the GenePattern
server, do the following:

= Launch the Java client. If your Java client is already running, you can select the File->Refresh->Modules menu
item.

= Selectthe Analysis->Preprocess & Utilities menu

= Confirm that LogTrans£form is in the list of modules.

Notes:

. A task has access to your server. By adding a task, a user is able to execute arbitrary code on the server
which could take the form of malicious code. Virus scanner software would be some protection. So would running
under an appropriately privileged (ie. non-root) user.

| . All arguments are passed as strings. Tasks receive all arguments as strings, even if they are apparently
% numeric. Methods that are expecting numbers need to convert them explicitly (eg. as.integer(arg)).
. Windows forbidden filenames. Machines running Windows cannot accept files with names that consist of

the following, regardless of the file extension: con, prn, aux, nul, coml, com2, com3, com4, lptl,
1pt2, 1lpt3. For cross-platform compatibility it is best to avoid files with these names.

. MATLAB modules. If you plan to write modules in MATLAB, review the notes on coding MATLAB modules
in MATLAB Notes.

Exercise 5b: Installing/Updating a module

GenePattern has the capability to automatically detect new and updated modules at the Broad Institute's repository. This exercise will
demonstrate how to add and update modules from that repository.
To add and update Broad modules:

= Navigate to the GenePattern home page.
= Under the Tasks and Pipelines section in the right column, click on install/update task.

Tasks and Pipelines
create tash
create pipeline
import -
cinstallfup date ta_sfs:}

delefe—

You will see a message indicating that GenePattern is fetching tasks from the catlog. After a few moments, you will see a screen that
resembles the following screen.
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If there are new tasks they will be listed at the bottom of the page with an install checked button. This interface provides a variety of
filtering options but in general most users will want to click install checked. This will install the latest modules from the Broad Institute.

Exercise 5¢: Importing modules as zip files
To import a task:

= Navigate to the GenePattern home page.
= Select import from the Tasks section.
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= You will see a page, shown below, that prompts you to either upload a Zip file or enter it as a URL.
=  To upload a zipped task, click the Browse button.

= Navigate to your .zip file.

= Click the install button.
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You will see a message that the module has been successfully installed.

. Currently, the Task Integrator can only export and import modules whose support files do not contain subdirectories.

This same process can be used to import pipelines and suites.

= You can import a pipeline in one of two ways: in the Tasks section of the GenePattern home page, click import, or under Tasks
and Pipelines in the right column of the GenePattern home page, click import.
=  To import a suite, under Suites in the right column of the GenePattern home page, click import.

Deleting Modules

Because reproducible research creates a new copy of a task or pipeline whenever any aspect of it is changed, eventually there may be a

number of obsolete tasks and pipelines residing on your server. To keep tasks up-to-date GenePattern provides an interface for deleting
the old ones.

Exercise 5d: Deleting a module
In this exercise you will learn how to remove a module from a GenePattern server:

= Navigate to the GenePattern home page.
= Under the Tasks and Pipelines section in the right column, click delete.

Tasks and Pipelines

create tash

create pipeline
import

ingallfupdate tasks

You will see a page listing all installed tasks, color-coded by provenance.
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= Scroll through the list and click the radio buttons next to the version number of a module you'd like to delete.

Note the text on the right-hand side. This is the text entered in the Version comment box on the Pipeline Designer and Task
Integrater pages.

=  To delete the modules, click on delete selected tasks.
= You will see a confirmation dialog box asking you to confirm the deletion. Click oK.

You will see a message informing you that the versions you indicated are deleted from the server.

Sharing Modules

GenePattern allows you to package a module, with all of its necessary files, into a single zip file which can then be installed on another
GenePattern server. In the following exercise you will learn how to export GenePattern tasks.

Exercise 5e: Exporting modules as zip files
To export a task:

= Navigate to the GenePattern home page.
= Inthe Tasks section, select the task you wish to share from the drop-down menu.
= Click the export button, shown below.

= You will see a dialog box prompting you to save the file. The file you save will be a Zip file that you can then send to another
GenePattern user.
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Using Suites in the GenePattern Web Client

This section describes how to work with suites in the GenePattern Web Client. If you are unfamiliar with GenePattern suites, see Suites in
the GenePattern Graphical Environment tutorial.

Creating Suites
To create a suite:

Navigate to the GenePattern home page.

Under the suites section in the right column, click create suite.

When the Create New GenePattern Suite window appears, define your new suite.
Click save at the bottom of the window.

Managing Suites

The Manage Suites window allows you to perform all suite functions: create, import, install, delete, edit, and export. To display the Manage
Suites window:

=  Navigate to the GenePattern home page.
= Under the suites section in the right column, click install/update suites Or delete suites.
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= The first section in the window allows you to create and import suites.
= To create a suite, click create New Suite. When the Create Suite window appears, define the suite.
=  To import a suite, click Import Suite from zip. The Import window appears, as described in Importing Modules.
=  The New/Available Suites section lists new and updated suites available from the Broad Institute. To install the suites listed here,
click the install checked button. (In the example screen, there are no new suites available and, therefore, no install
checked button.)

=  The Loaded Suites section lists the suites available on your server.
= To delete a suite, select the version to delete from the drop-down menu and click delete suite version.
= To edit a suite, click Edit Suite. When the Create Suite window appears, edit the suite.

=  To export a suite into a zip file, click Export Suite. The system creates a zip file, then prompts you for a directory
location and file name.

Using Pipelines in the GenePattern Web Client

This section describes how to work with pipelines in the GenePattern Web Client. If you are unfamiliar with GenePattern pipelines, see the
overview information presented in the tutorial for the GenePattern Graphical Environment (Pipelines).

NOTES

= To run the exercises in this section, the GenePattern server and Web Client must be running. If you have not launched them,
you can follow the directions for launching the GenePattern server and Web Client in Getting Started.

= The exercises require the GenePattern tutorial datasets. If you did not download them during installation, you can download
them here or from the datasets page, http://www.broad.mit.edu/cancer/software/genep attern/datasets. You will need to use a
compression utility such as WinZip (Windows) or Stufflt Expander (Mac) to extract the datasets.

. —_—

Exercise 6a: Running a pipeline

Exercise 6b: Saving pipeline results
Exercise 6¢: Deleting pipeline results
Exercise 6d: Converting pipelines to code
Exercise 6e: Creating a pipeline

Exercise 6f: Editing a pipeline

In the following exercises, you will learn how to create, run, and edit pipelines using the GenePattern Web Client.


ftp://ftp.broad.mit.edu/pub/genepattern/datasets/tutorial/gp_tutorial_files.gz
http://www.broad.mit.edu/cancer/software/genepattern/datasets
http://www.winzip.com/downwz.htm
http://www.stuffit.com/cgi-bin/stuffit_l%0d%0aoginpage.cgi?standardmacexp

If you have the GenePattern Web Client running, navigate to the GenePattern home page. If not, start the Web Client:

= Double-click the GenePatternHome.html icon (shown below).
= You will see your server's GenePattern home page launch in your Web browser.

GenePatternHome.html

= When the browser launches, you will see a prompt for a username. Type in your email address.
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Exercise 6a: Running a pipeline

In this exercise, you will run the Golub.Slonim.1999.Nature.all.aml pipeline. To do so:
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You will see a stage-by-stage representation of the pipeline.
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You may select the option to Show Input Parameters and Show LSIDs. These checkboxes allow you to investigate the properties of

the pipeline without risk of modifying it. If you wanted to make a new pipeline, based on this pipeline from the Broad Institute, you would
click clone at the top.

= Click run to start the pipeline running on the server.

As the pipeline starts to run, results appear in your browser window. Every task and pipeline you run on GenePattern has an associated
Job ID. The Job ID is displayed at the top of the browser window, as shown below. You can use the Job ID to refer to your pipeline in future
actions. As each task in the pipeline completes, its results appear in the browser window. You can download the result files separately by
shift-clicking on their links, or you can check the checkboxes next to them and download a large number of result files as a single zip file.




1999 Mature sl aml pipeline - Mozills Firefos

GenePattern Sigrio - |

G Slormn. 1 353 Hature. ol sl | wr | edt |

Filte by Suibi

emad notification o |
nmnnang sl aml mefhodolagy pipekne nw-ad- Mow 03 11:41:08 EST 2005

Pipeling summany PraprocessDataset, PreprocessDalaset, SOMCIustenng, SOMCIusteniewsr, Classieighbors, GeneListSignilic ane eviewer,
el ghiedyviotingvalidation, FeafureSummantiewsr, PredichionRegultsViewer, Wasghbedvohing, PredsionResuitsViewer

P it am mathodology ssscution_log ki

sep name and paamelers

1af11 PrepestessDatazebinput filenames brogd miled enepatemiall_amiall_aml_bain reg , outpat fle=all_sml_train_fiH,
outpuad fle formats1, fiker fag=1, preprocessing Nag=0, minchange=5, mindeRa= 100, thresholkds 20, celing=18000, max sigma
Binning=1, prob thres=1, num exci=0, log base bvo=Talse, number of columng above freshold=, column theshold=)

= all_aml_train_filres
W gp_task_sxecution log td
2of11 PreprocessDatasetinput flenames iponp it duipa testres , oufput fle=all_ami_lesi_fil, oulput
fibe format=1, fitlee Rag=1, pr-pruuwgup:o mlmhmg.:ﬁ, mnrn nu hnholu:zﬂ ullqu:ﬁbﬂﬂ_mnmmahmmng:t
prob thees=1, nuen excl=0, log base wo=Talse, number of columns above Breghold=, column threshold=)
¥ all_ami_est it res
F gp tagk gwecution logbd
3ol SOMCIushiring(datasel Senameship

L Dutput slub=clustered_rain_set, rmmrlmgﬁ:: sms mp-: i'zmnmrm:innm ehuster ur:mumns "som mw::ﬂ. S0 mb-.:n .
initl alezation=Random_Vectors, nesghorhands Bubble, spha inibal= 1, alpha final=0 005, sigma nilial=5.0, sigma fnale) 5)

To stop a pipeline before it completes, click the stop button.

If the pipeline is going to take a long time, you can type your email address into the email box. You will be notified when your pipeline is
finished.

As the pipeline completes, you will see several visualizer windows open (shown below) to display results from different stages.



Exercise 6b: Saving Pipeline Results
Your browser now displays a list of result files which are now on the server. You can save or delete any or all of these.
In this exercise, you will save all result files except the standard output messages. To do this:

= Uncheck stdout. txt for pipeline stage 10.
= Click the download selected results button.
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A zip file will be created that contains all checked files. You will see a dialog box prompting you to save or open the file.

= Save the zip file to your local drive.
=  Double-click on the zip file you just saved. Notice that all of the files you selected have been saved in the zip file. The path
information in the zip file identifies tasks by job number.

Exercise 6¢: Deleting Pipeline Results

The GenePattern server automatically deletes result files at a specified interval. This is done to prevent unused result files from
accumulating on the server. After you run a pipeline, a message will appear at the bottom of the pipeline results view telling you when the
files will be deleted. You can also explicitly delete files by doing the following:

= Select Uncheck all.
= Check the stdout. txt file from this pipeline.
= (Clickon delete selected results.
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The Job Results window appears in your browser; this window is described later in Managing Jobs. Click on GenePattern in the header to
return to the GenePattern home page.

Exercise 6d: Converting Pipelines to Code

If you want to use a pipeline as a basis for a more complex methodology, you can convert a pipeline to its equivalent in a programming
language. The languages currently supported are Java, MATLAB, and R.

In this example, you will convert the Golub.Slonim.1999.Nature.all.aml pipeline to R:

= On the GenePattern home page, locate the Download pipeline code area in the Pipelines section.
=  Select Golub.Slonim.1999.Nature.all.aml from the pipeline drop-down menu.

= Select 1 from the version drop-down menu. (By default the latest version is already selected.)

=  Select R from the 1anguage drop-down menu.

= Click the code button.
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=  You will be prompted to save or open the file. Save the file to your local drive.
=  To view the generated code, open the file in your preferred text editor.

The generated program, shown below, will produce the same results when run in R as it does when run in the GenePattern environment.
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Exercise 6e: Creating a Pipeline

As described in the tutorial for the GenePattern Graphical Environment (Creating Pipelines), you can create a pipeline in two ways:

= From scratch. In this exercise, you will create a pipeline from scratch; the pipeline will do the analysis portions of the
Golub.Slonim.1999.Nature.all.aml pipeline: filtering, SOM clustering, and finding markers for the resulting data.

= From aresults file. To create pipeline from a results file, on the GenePattern home page, find the results file in the list of Recent
Jobs, and click the pipeline icon next to that file.

To create a pipeline from scratch:
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= Navigate to the GenePattern home page.
®" |nthe Pipelines section, click on create.

You will see a prompt for the name of the pipeline.

" Entermy.all.aml

[JavaScript Application] . : x|

Flaase eniber a name For this pipelne., Fipelne: names are composed of letbers, dgks, and period,
and st stark vkh a lether,
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Note, there are certain characters you shouldn't use in pipeline names. Avoid special characters such as
!I@I#Isl%IAI&I*I_

#= Also, machines running Windows cannot accept files with names that consist of the following, regardless of the file

extension: con, prn, aux, nul, coml, com2, com3, com4, lptl, 1lpt2, 1lpt3.For cross-platform compatibility, itis
best to avoid using these names.

At the top of the pipeline designer window you will see blank spaces for authorship information and a description of the pipeline. Completing
this form thoughtfully helps greatly in maintaining pipelines and ensuring that analyses are understandable and reproducible. In particular,
the Version comment box allows you to describe this version of your pipeline. This comment will be visible on pages used to keep
versions up to date, so be as complete yet concise as possible. Also note that if you choose to make this pipeline "Private” then only the
user you have entered in this form (the email address) will be able to see and run this pipeline, and only when logged in with this same
email address. If you choose to make it "Public" then all users will be able to see it. Finally, there is an option to upload documentation to
accompany your pipeline. Documentation is strongly encouraged for "Public” pipelines.

®= Inthe task types list, select Preprocess & Utilities.
The dropdown list on the right will be populated with all preprocessing modules.

= Choose PreprocessDataset.
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You will see the interface for the PreprocessDataset module, as shown below, which allows you to do thresholding, fold change filtering,
and omission of a number of highest or lowest-valued samples.

Check the drop-down menu next to LSID version. This menu allows you to choose which of the installed
PreprocessDataset modules to use. Ensure you have selected the latest version.

For the input filename, click on Browse, and navigate to your datasets. If you need to download them again you may do so here.
Go into the am1_all folder and choose all _aml train.res.

Change output file format to "gct".

Set the following parameters:

Forthe £ilter flagchoose filter

minchange = 5

Let the rest of the parameters remain at the default. GenePattern will provide a filename for your results files. If you'd like to use a
name other than the one provided you can enter it up in the output file box.
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= C(Click add another task.

=  Select Clustering drop-down, and then choose SOM Clustering.

= |Leave the LSID version number as the latest version.

= The key to connecting tasks is in the input and output filenames of each module. Pipelines allow you to take the output from one
module and use it as the input of another module. For the input filename parameter, nextto use output from, Select 1.
Preprocess Dataset, as shown below.

2. SOMClustering; SeFOrwanizng Maps algoritm

LSID: umdsidbroad it edu:cancer.software genepattern. rodule anabysis: 00029:2
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prompt
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[T datasetflename; |
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= Choose gct from the Choose output £file drop-down menu. If a module creates more than one result file, the files are
referred to in the order they are created. That order is listed in the documentation.

=  For cluster range, enter 2.

= Save the pipeline by clicking the save button at the bottom of the page.

To run this pipeline, do the following:

= Click the run button, shown below. The new pipeline may also be run from the pipeline dropdown on the header bar and in the
pipeline catalog dropdown on the GenePattern home page.



D rmvy.allsrd - saved - Mozilla Firefox ) =101 x|
B B Yew Go fockmarls ook beb

*: GenePattern

oy sl armd wersion 1 has baen saved

eiddify i Sl aml pipaling dadign
edit task for oy all srmd pipedng

032005 Broad Instifube. MIT POl vedl

You will see the pipeline tasks in the window as they complete.

Exercise 6f: Editing a pipeline

Once you have created a pipeline you can modify it to include any changes you want to make in the workflow. For example, you might want
to add additional stages or substitute one original dataset for another one.

In the following exercises, you will edit the pipeline you just created and modify it to run on a different data set and then also add stages to
the pipeline.

= Navigate to the GenePattern home page.

= Under Pipelines, select the pipeline you just created, which will be called my.al1l.aml and will be color-coded in bright pink.
"  The version will be 1.

= Click the edit button.

To run this pipeline on a different set of data, do the following:

=  First modify the Version comment to reflect the changes you intend to make.

= (o to stage 1 and click the Browse button.

® Choose all _aml test.res for the input file.

= Scroll to the bottom of the screen and click save.

= When you see the message that the pipeline has been saved, click the run button.

. Although you saved the new pipeline in this example, you do not need to re-save a pipeline to run it on a new dataset. Once you
# select the new input file you can click run, and the pipeline will be run with the new data. However, the stored pipeline will still use
the original data set unless you save it with the new one.

You will see your pipeline running. To add a new stage to the pipeline, do the following:

= Navigate to the GenePattern home page.

= Select your pipeline, my.all.aml and notice that this time the version is 2.

= Click edit.

= Scroll to the bottom and click add another task.

= Select GeneListSelection->ComparativeMarkerSelection.

= The LSID version will be the latest version.

=  The input to this analysis should be the preprocessed all_aml_test data, which is the result file from the preprocessing step. In the
input filename parameter, nextto use output from, Select 1. Preprocess Dataset from the drop-down menu. Select
gct from the Choose output file drop-down menu.
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= Forthe class filename parameter, you will use the file that contains the class labels for the all_aml test dataset.
=  Click on Browse
= Selectall aml test.cls.

= Leave the other parameters at their default values.

= Click the save button.

= When you see the message that the pipeline has been saved, click the run button.

You will see the steps in your pipeline listed as they are finished, just as before, with the ComparativeMarkerSelection task at the end.
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NOTES

If you're working on a pipeline and you make a mistake in the current stage, you can click on the delete button.
} You can insert or delete steps anywhere in a pipeline - not only at the end.

There is a task type called suggested. This leads to a list of all the modules which GenePattern knows about that will take your
output file format.
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when There is a check box next to each pipeline parameter with the title prompt when run. If you want to fill in a parameter
run when you run the pipeline, instead of when you design it, click prompt when run next to that parameter.
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Managing Jobs in GenePattern

GenePattern provides comprehensive functionality to allow you to view and manage the jobs that are running on your GenePattern server.
This includes the ability to view the status of jobs, download and delete job results, stop a job in progress,and receive job results while not
logged into the GenePattern server.

In the following text, a job is defined as any GenePattern module running on the server. A job is therefore a running task or pipeline.
Visualizers run on the client and not on the server, so they are not considered server jobs.

Job Ownership

Each job that runs on a GenePattern server has an owner. The owner is identified by the login id. For example, if you logged in as
john_doe@abc.com, all jobs that you run on the server will be owned by john_doe@abc.com. You can view jobs run by other users, but
you can only delete job results from jobs that you own.

Job Persistence
An important feature to note is that jobs have persistence. This means:

= Jobs run independently of the client. Your GenePattern client doesn't need to be running in order for a job to continue. If you
launch a task or pipeline from any environment, that job will continue to run, even if you shut down the client that launched the job.
The next time you enter your GenePattern client, you will see the status of any jobs that were running when it was closed.

=  The server restarts jobs after a crash. If the GenePattern server crashes while executing a job, it will re-launch that job the next
time it starts up.

The Jobs Window

To view the jobs on your server:

= Navigate to the GenePattern home page (http://localhost:8080/gp if it is running standalone). The Recent Jobs column lists the
jobs you have run on the server and the result files from those jobs. Click a file link to view the file; click the information icon next
to the job name to view the job's parameters.

=  To download or delete result files, under Server Administration in the right column, click job results, as shown below:
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GenePattern Admin Frame

You will see a more detailed list of the jobs you have run on the server, and all of the result files from those jobs:
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This page allows you to perform the following functions on jobs:

Show everyone's jobs. Click this checkbox to see all jobs that have been run on the server. You will see the owner's name next
to each result file.

View a job. Click the information icon to the right of the job name to view its parameters. By default, you see only the result files
for each job; to see the execution logs as well, click show execution logs at the top of the window. NOTE: If a job is a
pipeline, click Show Pipeline Steps atthe end of the job to view the numbered pipeline tasks.

Download job results. To download individual result files for a job, check the boxes next to those files and then click the
Download button for that job. To download all files for a job, click the link for its job id (located in the job column). In either case,
the files are combined in a zip file whose name is the id of that job, and you are prompted to save them. NOTE: If a job is a
pipeline, you can download all result files from all steps in the pipeline.

Delete job results. To delete individual files from a job, check the boxes next to those files and then click the delete button for
that job. To delete an entire job, check the box to the right of the job name and click delete checked jobs at the top of the

window.

Server Administration

You use the GenePattern server administration options to configure the GenePattern server for your site. The server configuration options
that most commonly need to be changed are available from the Server Administration page of the GenePatter Web Client. Additional

configurations options, which rarely need to be modified, are stored in the
GenePatternServer/resources/genepattern.properties configuration file.

Setting Common Configuration Options
You can customize many aspects of the GenePattern server using the Server Administration page. To view this page:

= Navigate to the GenePattern home page (http://localhost:8080/gp if it is running standalone).



= Under Server Administration in the right column, click modify settings, as shown below:
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You will see the Server Administration Page:
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GenePattern Server Administration Page

The Server Administration page contains the following functionality:

= Access. To run the GenePattern server completely standalone, which will prevent any other clients from connecting to the server,
click standalone. To allow unlimited access, click Any Computer. To restrict access to a series of given domains, click These
Domains and enter a comma-separated list, for example broad.mit.edu,dfci.harvard.edu,mit.edu. For more
information about securing access to your server, see Securing Your GenePattern Server.

=  File Purge Settings These settings allow you to specify when files will be purged from the server. The Purge Jobs After
setting is the number of days that result files will stay on the GenePattern server before being purged. To learn how to save files
locally so they are not purged, see Saving Result Files Locally. If you do not want your files to be purged, set this value to -1. The
Purge Time setting specifies what time of day (24-hour format) the files will be purged.

= Module Repository. You can change the location of the module repository that GenePattern queries to determine which modules
are new and updated. This functionality is useful if you have an internal module repository whose modules you would like to host.
To implement a module repository, please contact the GenePattern development team.

=  HTTP Proxy Settings. If you are behind a firewall, fill out this information to allow the GenePattern server to download and install
modules from the module repository. If you don't know the necessary information, contact your systems administrator.

= Logs. To view warnings and messages from the GenePattern server, click GenePattern. To view messages that have been
generated by the Web server that GenePattern uses, click web server.

= Java Flag Settings. Values you enter on this line are passed on the command line to any Java-based analysis modules. This
feature allows you to, for instance, specify the amount of memory to allocate when launching Java-based analysis modules.

= History. This parameter allows you to specify the number of recent analyses that will be displayed in the top portion of the
pipeline and tasks drop-down menus at the top of the GenePattern home page.

=  Shut down server. Click this link to shut down the GenePattern server.

Executing Jobs on a Cluster

Queuing systems such as Load Sharing Facility (LSF) and Sun Grid Engine (SGE) allow computational resources to be used effectively.
GenePattern can be seamlessly integrated with either of these programs. To configure your GenePattern server to execute jobs using LSF
or SGE, add the commandPrefixK property to the GenePatternServer/resources/genepattern.properties configuration file.
The value of this property is prepended to the command line for every task that is run on the server.
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For example, to configure GenePattern to run jobs using LSF, set the commandPrefix as follows:
commandPrefix=bsub -K -o 1lsf log.txt

=  The —K flag instructs the bsub command to wait for the job to complete before returning.
=  The -o flag specifies the file to which the job will write standard output and standard error messages.

When using LSF, you may also want to set the environment variables BSUB_QUIET and BSUB_QUIET?2 to prevent job messages from
printing to standard out. Setting the BSUB_QUIET environment variable prevents bsub from printing the messages <<Job is submitted to
default queue <normal>>> and <<Waiting for dispatch>>. Setting the BSUB_QUIET2 environment variable tells bsub not to print <<Job is
finished>> to standard out.

Securing Your GenePattern Server

Securing a GenePattern server can be done at several different levels to help you control who is allowed to do what on your server. Since
GenePattern is in effect primarily a web application (including SOAP interfaces) running in a web server, general approaches used for
securing web servers are applicable here. GenePattern also includes some additional security features to allow non-technical users to
easily execute some control over access to their server.

Access Filtering

The simplest approach to protecting your GenePattern server is to turn on connection filtering. The GenePattern web server has a servlet
filter that can prevent users from accessing your GenePattern instance unless they come from a known computer. Setting connection
filtering is done from the Access section of the GenePattern Server Administration page.

T Standalone Jocal connections onkd
& any Computer
T These Domains (comma delimited lis)

Allow Clients to
connect from:

The available options are:

= Standalone. Do not let any other compute connect. You can only access this GenePattern server from the computer that it is
running on.

=  Any Computer (default). Allow any other computer to connect to this Genepattern server without restriction.

=  These Domains. You may enter a comma delimited list of the domains or specific IP addresses that are allowed to connect to this
GenePattern server. GenePattern will scan all incoming connection attempts to see if they match in whole or in part any domain
name or IP address in this list. If they match, access is allowed. If not the connection is redirected to a page indicating that this
GenePattern server will not allow them to connect.

For more information about the GenePattern administration page, see GenePattern Server Administration.

Authentication

Default authentication into a GenePattern server does not require a password to authenticate that a user is who they claim to be. In version
2, GenePattern does not include an option to allow stronger authentication through a configuration setting, but it can be easily added by any
capable java programmer at your site if needed. The remainder of this section is intended to be read by Java Programmers.

GenePattern user authentication is performed by a servlet filter installed in front of the GenePattern web application in its web . xm1 file. To
implement stronger authentication you simply need to implement a new servlet filter that performs whatever authentication you desire (e.g.
validating login against a database) along with a new login page to get collect the username and password from the user. The new serviet



filter must, after authenticating a user, set a session attribute in the java.servlet.http.HttpSession object called userID. All pages
in the GenePattern server and all database interactions will use this as the user’'s name.

To see the source code for the default AuthenticationFilter.java and the web.xml files, click the following links:
AuthenticationFilter.java, web.xml.

Once you have written and compiled the new ServletFilter:

=  Place the jar file containing the new ServletFilter into

* /GenePatternServer/Tomcat /webapps/gp/WEB-INF/1ib

=  Modify the GenePattern server's web . xml document.

= Change the definition of the AuthenticationFilter to use the class that you have provided.
= Add any necessary configuration elements that it requires.

= Restart the GenePattern server for the changes to take effect.

Notes:

= |tis important to maintain the existing order of the servlet filters in the web . xm1 document as they are used in the order they
are defined in the document. The Authentication filter must come before the Authorization filter for the Authorization filter to
work.

' = If you look at the code for the default Authentication Filter in the appendix, you will see that it allows requests through that
have a parameter called jsp _precompile that have come from the localhost. If you do not allow these requests through
unauthenticated, you will see a series of errors when you start the GenePattern server as it attempts to precompile the JSP
pages. These are not fatal errors, but will slow down server response for users the first time that pages are accessed
following a server restart.

User Permissions

As of GenePattern 2.0, there is an integrated authorization mechanism built into every GenePattern server. A GenePattern administrator
may select which users and groups are allowed to access the various pages and SOAP calls on the server. By default at install time, all
users are afforded all authorizations on a server.

Authorizations are based on user identity as provided at GenePattern login. For information on how to control user authentication at login,
see Authentication.

Once a user has been authenticated, the next step in securing the server is to assign each user specific rights, or permissions, to allow
them to perform different actions on the GenePattern server. The default permissions loaded into GenePattern are as follows:

= createTask allows a user to create new analysis tasks on the GenePattern server via
the Task Integrator form

by loading from the task catalog

by installing a zip file containing a task

by installing a pipeline that includes tasks

by installing a suite that includes tasks

agrODE

This is a critical permission to control: users with createTask permission can upload potentially any executable to be run on the
server including worms, viruses and other malware.

= createPipeline allows a user to create new pipelines via
1. using the pipeline designer form
2. by loading from a zip file containing a pipeline (note: loading pipelines that include task zips will not load the associated
tasks unless the user also has the createTask permission)
= createSuite allows a user to create new suites via
1. the create suite form
2. loading a zip file containing a suite. (note: loading suites that include task zips will not load the associated tasks unless
the user also has the createTask permission)
= administrateServer allows the user to change server settings on the administrateServer page.



This is a critial permission to control: users with administrateServer permissions have the ability to modify connection settings
thus preventing other users from logging into and using the server.

= deleteTask allows the user to delete tasks from this GenePattern server

= deleteJob allows the user to delete jobs from this GenePattern server

Control over permissions is accomplished through editing three configuration files in the GenePatternServer/resources directory:
userGroups.xml, permissionMap.xml, and actionPermissionMap.xml. It is recommended that file permissions are applied to
these files to ensure they are not modified unintentionally.

userGroups.xml
To see the default userGroups . xml file, click here: userGroups.xml.

The userGroups.xml file is used to define groups of users to whom permissions may be assigned. Any number of groups may be
created as long as their names are unique. If the user named = is included in a group, as shown in the default settings, then any and all
users are considered to pe a part of that group. A user may belong to any number of groups.

permissionMap.xml

To see the default permissionMap.xml file, click here: permissionMap.xml.

The permissionMap.xml file is used to map permission names to user groups. Essentially this is where you state that members of a
particular group have a particular permission.

As with userGroups . xml, the presence of a group named * means that any and all groups have that permission and thus any and all
users have that permission.

Any number of hew permissions may be created as long as their names remain unique. Any number of groups may be assigned a
permission by adding additional <group name="thename” /> elements to a permission.

To create a permission that no one is allowed to have, simply do not include any group elements in it (especially not *). For example:
<permission name="NoOneHasThisPermission"></permissions>
actionPermissionMap.xml

To see the default actionPermissionMap .xml file, click here: actionPermissionMap.xml.

The actionPermissionMap.xml is the third and final configuration file for the authorization system. It is used to define what permissions
apply to what server actions. In this context, server actions correspond to:

= pages in the web application
=  methods in the SOAP interfaces

Essentially this file is simply linking jsp pages and SOAP methods with their required permission names.

It should be noted that many of the existing GenePatternServer web pages have been written so that if a user does not have permission to
execute a link, the link is not displayed. This logic is implemented in the jsp pages, not in the configuration files. Should you choose to limit
permissions to other additional pages, users may still see the links but will be redirected to an error page when they attempt to execute
them.

Secure Sockets Layer (SSL) Support

The GenePattern web application is capable of running in a web server that is configured to use the HTTPS protocol, where essentially the

regular http requests are routed through secure sockets layer, making them much harder for hackers to snoop and eavesdrop upon. If you
have installed your GenePattern server into a web server other than the default Tomcat instance it is distributed with, configure your web
server according to its instructions and then follow the final step of this description. When running under SSL, programming language
clients and the GenePattern Graphical Environment may not be able to connect to your GenePattern server.



Step 1. Configure Tomcat for SSL support

Follow the instructions available at http://tomcat.apache.org/tomcat-4.1-doc/ssl-howto.html to configure the Tomcat instance for using SSL.
You will need to modify the Tomcat config file (located in GenePatternServer/Tomcat /conf) when following these instructions.

Step 2.Configure GenePattern for SSL

Once the Tomcat (or other web server) has been configured for SSL, you need to modify the GenePattern configuration files to ensure that
they are in synch with the web server.

Edit the file, GenePatternServer/resources/genepattern.properties:

1. Addanewkey, java.net.ssl.trustStore=<path to keystores.
This needs to point to the keystore you created when configuring Tomcat (above) or some keystore that Genepattern can use to
establish SSL connections.

2. Modify the value for the key GENEPATTERN PORT to use the https port you selected (step 1 above).

3. Modify the value for the key GenePatternURL to use the https protocol and the https port you selected, for example:
http://localhost:8080/gp becomes https://localhost:8443/gp

Save the file and restart your server. Any bookmarked links to your GenePattern server will now need to be updated to the new protocol
and port.

GenePattern Programming Language
Environment

If you are familiar with programming languages and have some understanding of how to use GenePattern tasks, you'll find that using
GenePattern from a programming language is straightforward. Accessing GenePattern tasks programmatically enables you to analyze and
visualize data while leveraging the power and flexibility of a programming language.

Using GenePattern from Java
Using GenePattern from MATLAB
Using GenePattern from R

Using GenePattern from Java

Using Java as a GenePattern client enables you to easily run GenePattern tasks and visualizers from within a Java application. Using the
GenePattern Java library, you can run GenePattern analyses as easily as calling a routine.

Getting Started in Java

If you aren't already familiar with Java, the best place to get started is at Sun Microsystems' website, http://java.sun.com. There you'll find
downloadable programs, samples, tutorials, book suggestions, etc.

The GenePattern Java Library
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A zip file for accessing GenePattern from Java is already installed on your GenePattern server, with links
available to download to your client from a web browser. The Java library allows you to invoke
GenePattern server tasks as if they were local Java methods running on your client, and to get back from
the task a list of filenames of result files. The zip file also contains the Javadoc describing the API for
accessing the server and running tasks.

If you don't already have the GenePattern library on your computer, point your browser at the
GenePattern home page on your server and click on the download link for the GenePattern Java library in
the Programming section, as shown here. The downloaded library should be unzipped into the directory
where you'll be doing your Java development.

Running a program
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Let's examine a simple Java application that preprocesses a dataset and visualizes it using the HeatMapViewer. Below is some sample

code, with comments preceding each line explaining its purpose.

You have to initialize various settings once in every application that accesses GenePattern. You'll need to customize the italicized server
URL settings with those for your GenePattern server and your GenePattern userID (your email address). When you invoke the runAnalysis
method, the GenePattern library will invoke the appropriate task on the server, passing all of the input parameters and input files. When the
task is complete, the JobResult object can be queried for an array of filenames that are the output from the task. You can download the
result files or you can leave them on the server and refer to them by URL, which is especially useful when they are intermediate results that

are input to a subsequent processing stage.

The following working examples may be copied and pasted into your Java program so that you can try them out, modify them, and create

your own useful solutions.

import org.genepattern.data.expr.ExpressionData;
import org.genepattern.client.GPServer;

import org.genepattern.webservice.JobResult;
import org.genepattern.webservice.Parameter;
import org.genepattern.io.loUtil;

import java.io.File;

public class MyProgram {
public static void main(String[] args)
throws Exception {
GPServer gpServer=new GPServer('http://localhost:8080",
"your email address™);

Let's preprocess a dataset. This could be from a URL or a filesystem. For this example, we'll use a publicly-accessible URL, but a filename

would be equally valid:

String inputDataset=

"ftp://ftp.broad.mit.edu/pub/genepattern/all_aml/all_aml_ train.res";
JobResult preprocess=gpServer.runfAnalysis('PreprocessDataset",
new Parameter|[] {
new Parameter("input.filename’, inputDataset)

DE

The JobResult object named preprocess now has a list of filenames (of length 1, in this case). Let's display the results in a heat map:

gpServer.runVisualizer('HeatMapViewer",
new Parameter|[] {
new Parameter('filename"™, preprocess.getURL(0).toString())

DE



Lastly, we'll download the preprocessed data and load it into a matrix for further analysis.

String downloadDirName=String.valueOf(preprocess.getJobNumber());
File[] outputFiles = preprocess.downloadFiles(downloadDirName);

ExpressionData expressionData=
I0Uti Il .readExpressionData(outputFiles[0].getPath());
}
}

The full source code is available here. From here, you can combine GenePattern analyses with any capabilities that the Java environment
has to offer. Use Java's 2-D and 3-D graphics libraries to create graphic output. Summarize and report on the data using your own code.
The important lesson here is that tasks create result files, and those files are available to the Java application for processing.

How do you figure out what the arguments that a task accepts? Point your browser at http://localhost:8080/gp/getTaskDoc.jsp
(if you are not running GenePattern locally, substitute the url of your server for Llocalhost:8080). For quick generation of a basic

method for your tasks, try building a pipeline, then downloading the Java code for the pipeline from the Programming section of
http://localhost:8080/gp/index.jsp

Using LSIDs from Java

As of version 1.3 of the GenePattern server, Life Science Identifiers (LSIDs) can be used instead of task names to identify tasks for
GenePattern to run. An LSID may be submitted in place of the task name in the methods runAnalysis and runVisualizer. When an
LSID is provided that does not include a version, the latest available version of the task identified by the LSID will be used. If a task name is
supplied, the latest version of the task with the nearest authority is selected. The nearest authority is the first match in the sequence: local
authority, Broad authority, other authority.

Using GenePattern from MATLAB

Using MATLAB as a GenePattern client enables you to easily run GenePattern tasks and to manipulate and visualize the results in a
powerful, commercial technical computing application that works on most major platforms. Using GenePattern allows you to invoke
methods written in many other languages without having to worry about how to launch them.

Getting Started in MATLAB

Resources and documentation are available at http://www.mathworks.com/.

The GenePattern MATLAB Library

A zip file for accessing GenePattern from MATLAB is already installed on your
GenePattern server, with links available to download to your client from a web
browser. The MATLAB library allows you to invoke GenePattern server tasks .
as if they were local MATLAB functions running on your client, and to get back
from the task a list of filenames of result files. You may also pass files from one Dewrload GenePatiem library
task to another while leaving them on the server. Java Zip dac

R 0F Source doc
If you don't already have the GenePattern library on your computer, point your WMATLAE zipgoc )
browser at the GenePattern home page on your server and click on the —_

download link for the GenePattern MATLAB library in the Programming Derwmiload pipeling code
section, as shown here. The downloaded library should be unzipped into your [ pipeine Bl
MATLAB7/toolboxes directory. If you don't have permission to put files version: [ =] [larguage =

there, you may place them in any other directory. Following the download and _code |
extraction of the files, you need to add the directories to your MATLAB path. At S ————
a MATLAB prompt, open the pathtool
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>>pathtool

Use the MATLAB pathtool gui to add the GenePatternServer and
GenePatternFileSupport directories with sub-folders to the MATLAB search

path.

Example: Running a program
Let's examine a simple program that runs a task, displays the resulting output, and loads it into an MATLAB matrix for further analysis.

Below is some sample code, with comments preceding each line explaining its purpose.

First is some initialization that's you'll have to do once in every application that accesses GenePattern. You'll need to customize the
italicized userID settings with those for your GenePattern server and your GenePattern userID (your email address).

When you call the runAnalysis method on a GenePatternServer object in MATLAB, the GenePattern library will invoke the appropriate
task on the server, passing all of the input parameters and input files. When the task is complete, it will return an MATLAB structure that

contains a list of filenames that are the output from the task.

The following working examples may be copied and pasted into your MATLAB client so that you can try them out, modify them, and create
your own useful solutions.

% Create a GenePattern server proxy instance

gp = GenePatternServer ('http://localhost:8080', 'my.email@my.domain') ;

Let's transpose a dataset. You can refer to data by a URL or a local filename. For this example, we'll use a publicly-accessible URL:

% input dataset for transpose operation
params.output file name = 'transposed.out'
params.input filename='http://www.broad.mit.edu/mpr/publications/projects/Leukemia/

ALL vs AML train set 38 sorted.res'

% transpose the dataset
transposeResult = gp.TransposeDataset (params)

% alternate call to transpose the dataset
transposeResult = runAnalysis(gp, 'TransposeDataset', params)

transposeResult is a structure with a list of filenames (of length 1, in this case). Let's get the results. We'll display them in a file viewer
window, and also load them into a matrix so that further manipulation can be performed:

% display the transposed results
edit 'transposed.out.odf'

% now read the output into a matrix
% so we can do further manipulation in MATLAB
myData = loadGenePatternExpressionFile('transposed.out.odf')

From here, you can combine GenePattern analyses with all of the rich functionality of MATLAB. For example, you can use MATLAB's
plotting methods to create graphic output. Save modified matrices to files using save. Summarize and report on the data using your own
code. The important lesson here is that tasks create result files, and those files are available to the MATLAB client for processing.

How do you figure out the task/method names available on your server? Run the listMethods function on your GenePatternServer object.
There you'll find the list of the available Genepattern modules and visualizers as well as their descriptions. To learn the names of the the
input parameters for a module, use the describeMethod function on your GenepatternServer object, passing it the module name.

% display the available GenePattern modules
listMethods (gp)

% now look at the parameters for the TransposeDataset module
describeMethod (gp, 'TransposeDataset')

An alternative method to get the parameters with their default values filled in is to use the getMethodParameters function of the
GenePatternServer object. This returns a MATLAB structure with named elements for each parameter, filled in with the default value if one
exists. After filling in the missing parameters and overriding defaults if desired, this structure can then be passed on to the runAnalysis

method.



% display the available GenePattern modules
params2 = getMethodParameters(gp, 'TransposeDataset')

params2.input filename='http://www.broad.mit.edu/mpr/publications/projects/Leukemia/
ALL vs AML train set 38 sorted.res'

% transpose the dataset
transposeResult = gp.TransposeDataset (params2)

The GenePattern MATLAB library also has convenience methods to read and write RES, GCT, and ODF files. Even if you never look into
the library, you will get plenty of mileage out of extending the techniques shown above on your own analyses.

Using LSIDs from MATLAB

As of GenePattern version 1.3, you can also use Life Science ldentifiers (LSIDs) to identify a task when executing GenePattern code in
MATLAB. An LSID may be submitted in place of the task name to getMethodParameters Or runAnalysis. When providing an LSID to
a method in addition to a task name, the LSID alone is used to determine what task to run. When an LSID is provided that does not include
a version, the latest available version of the task identified by the LSID will be used.

% Example using LSIDs from MATLAB

params = getMethodParameters (gp,

'urn:1sid: :broad.mit.edu:cancer.software.genepattern.

module.analysis:00026:0') ; params.output file name = 'transposed.out'

params.input filename='http://www.broad.mit.edu/mpr/publications/projects/Leukemia/
ALL vs AML train set 38 sorted.res'

% transpose the dataset

transposeResult = runAnalysis(gp,

'urn:1sid: :broad.mit.edu:cancer.software.genepattern.
module.analysis:00026:0', params)

Using GenePattern from R

Using R as a GenePattern client enables you to easily run GenePattern tasks and to manipulate and visualize the results in a powerful, free
statistical desktop package that works on most major platforms. Using GenePattern allows you to invoke methods written in many other
languages without having to worry about how to launch them or whether you're passing incorrect parameters.

Getting Started in R

Resources (from www.r-project.org):

=  An Introduction to R (PDF, approx. 100 pages, 650kB), based on the former "Notes on R", gives an introduction to the language
and how to use R for doing statistical analysis and graphics.

=  Adraft of the R language definition (PDF, approx. 60 pages, 400kB) which document the language per se. That is, the objects that
it works on, and the details of the expression evaluation process, which are useful to know when programming R functions.

= Writing R Extensions (PDF, approx. 85 pages, 500kB) covers how to create your own packages, write R help files, and the foreign
language (C, C++, Fortran, ...) interfaces.

= R Data Import/Export (PDF, approx. 35 pages, 270kB) describes the import and export facilities available either in R itself or via
packages which are available from CRAN.

= R Installation and Administration (PDF, approx. 30 pages, 200kB)

= The R Reference Index (PDF, approx. 2200 pages, 12MB) contains all help files of the R standard and recommended packages in
printable form.

Accessing GenePattern from R
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An R library for GenePattern is already installed on your GenePattern server, with links available to Diownload GenePaliem library
download to your client from a web browser. The R library allows you to invoke GenePattern server tasks Java rig-;

as if they were local R methods running on your client, and to get back from the task a list of filenames of R
result files, all of which are transferred to your local client. You may also pass files from one task to MATLAB
another while leaving them on the server.

Dervmiload pipeling code

If you don't already have the GenePattern library on your computer, point your browser at the | pipeine =l
GenePattern home page on your server and click on the download link for the GenePattern R library in wersion: [ =] [language =]
the Programming section, as shown here. _code |

Both Windows (zip) and Unix (tar.gz) formats are available. The downloaded library should be untarred or unzipped into your R/library
directory. If you don't have permission to put files there, the GenePattern release notes detail how you can create a private library in
another location and use an environment variable to inform R.

Example: Running a program
Let's examine a simple program that runs a task, displays the resulting output, and loads it into an R matrix for further analysis. Below is
some sample code, with comments preceding each line explaining its purpose.

First is some initialization that's you'll have to do once in every application that accesses GenePattern. You'll need to customize the
italicized userlID settings with those for your GenePattern server and your GenePattern userID (your email address).

gpTasksAsFunctions creates the proxies for each GenePattern task visible to the user on that server. That means that it creates method
definitions, named for each task, with named input parameters. When you call the R method, the GenePattern library will invoke the
appropriate task on the server, passing all of the input parameters and input files. When the task is complete, it will return an R list of
filenames that are the output from the task.

The following working examples may be copied and pasted into your R client so that you can try them out, modify them, and create your
own useful solutions.

# Load GenePattern library
library (GenePattern)

# The server will want to know whose tasks to provide
gplogin ("my.email.address@mydomain.com") ;

# Ask the server to create R methods that proxy
# each of the installed tasks.
gpTasksAsFunctions () ;

Let's transpose a dataset. You can refer to data by a URL or a local filename. For this example, we'll use a publicly-accessible URL:

# input dataset for transpose operation

input.ds <-
"http://www.broad.mit.edu/mpr/publications/projects/Leukemia/
ALL vs AML train set 38 sorted.res";

# transpose the dataset
transpose.out <- TransposeDataset (input.filename=input.ds,
output.file="transposed") ;

transpose.out now has a list of filenames (of length 1, in this case). Let's get the results. We'll display them in a file viewer window, and
also load them into a matrix so that further manipulation can be performed:

# display the transposed results
file.show(transpose.out$transposed.odf) ;

# now read the output into a matrix

# so we can do further manipulation in R

data <- read.delim(transpose.out$transposed.odf, as.is=T, header=F,
sep="\t", skip=9, comment="";)

data <- as.matrix(data);

cols <- length(datall,]):;

rows <- length(datal,1]);

From here, you can combine GenePattern analyses with all of the rich statistical functionality of R. For example, you can use R's plot and



legend methods to create graphic output. Output JPEGs of your visualized data using savePlot. Save modified matrices to files using
save. Summarize and report on the data using your own code. The important lesson here is that tasks create result files, and those files
are available to the R client for processing.

How do you figure out what the task/method names and arguments are supposed to be? Point your browser at
http://localhost:8080/gp/taskWrapperGenerator.jsp?name=TransposeDataset (Or whatever task name you are interested
in). There you'll find generated R code documenting the input parameters, describing the function of the module, and a link to the online
documentation. If you want to browse documentation for all tasks, just go to http://localhost:8080/gp/getTaskDoc.jsp (if you
are not running GenePattern locally, substitute the url of your server for localhost:8080).

The GenePattern R library also has convenience methods to read and write RES, GCT, and CLS files, to enable running of multiple tasks in
parallel, to run tasks with input from files that were output from previous tasks without moving them from the server, and other utilities. Even
if you never look into the library, you will get plenty of mileage out of extending the techniques shown above on your own analyses.

Using LSIDs from R

As of version 1.3 of the GenePattern server, Life Science Identifiers (LSIDs) can be used instead of task names to identify tasks for
GenePattern to run. An LSID may be submitted in place of the task name in the methods runAnalysis and runvVisualizer. When an
LSID is provided that does not include a version, the latest available version of the task identified by the LSID will be used. If a task name is
supplied, the latest version of the task with the nearest authority is selected. The nearest authority is the first match in the sequence: local
authority, Broad authority, other authority.

MATLAB Notes

You can use MATLAB with GenePattern in one of two ways:

= As a GenePattern client, which enables you to easily run GenePattern tasks and to manipulate and visualize the results in a
powerful, commercial technical computing application that works on most major platforms. For more information about using
MATLAB in this way, see Using GenePattern from MATLAB.

= As the source language for a GenePattern module, which allows you to turn a MATLAB-based analysis algorithm or methodology
into a GenePattern module.

This section provides more information about using MATLAB as the source language for a GenePattern module:

= MATLAB Modules in GenePattern describes the options and steps necessary to turn a MATLAB-based analysis algorithm or
methodology into a GenePattern module.

= MATLAB File Support describes a set of MATLAB functions, provided with GenePattern, that can be used to read and write
expression data files in the standard GenePattern formats including res, gct and odf.

MATLAB Modules in GenePattern

This document describes the options and steps necessary to turn a MATLAB-based analysis algorithm or methodology into a
GenePattern module. There are two paths for GenePattern enablement of a MATLAB analysis presented below with different pros and
cons.

The first approach (referred to as the direct approach) is to directly call the MATLAB executable from GenePattern, running a MATLAB
command directly from the command-line or via a startup.m file. This approach is best suited to use on a stand-alone GenePattern
server for a user that already has a MATLAB license, and who will not redistribute the MATLAB-based GenePattern modules to other
users who do not have their own MATLAB licenses.The advantages to this approach are that it is the simplest means to getting your m-
code running on GenePattern, it can be used for any MATLAB and GenePattern supported platform, and it allows for easier
modification of the m-code files as you modify your analysis. The disadvantage of this approach is that passing arguments to MATLAB
differs on different computing platforms and it requires a MATLAB license for each concurrent user on the GenePattern server
machine.
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The second approach (referred to as the compiled approach) is to use the MATLAB Compiler 4.0 to generate a standalone executable
which is then used as the GenePattern module. The advantages to this approach are that it allows redistribution of the module to other
GenePattern users who do not have their own MATLAB license. It can also be run on a shared server without needing to get a
MATLAB license for each concurrent user. Performance may be slightly better for fast running tasks since the startup delay will be
shorter but the actual execution time will be approximately the same as for the other approach. The disadvantages are that it requires
you to have a MATLAB Compiler license, it can be compiled only for Windows and Linux servers, it must be compiled separately for
each platform, and it requires the MATLAB Component Runtime (MCR) to be installed on the GenePattern server machine before the
compiled code can be run.

If you are simply using your m-code on your stand-alone GenePattern server, the direct approach is simpler, but if you want to deploy it
on a shared server for others to use or to give copies to other people, the compiler approach is preferred.

MATLAB Version

The steps described below require the use of MATLAB Release 14, and the MATLAB Compiler 4.0 or later. Earlier versions of
MATLAB used a different deprecated mechanism for deployment which is not compatible with the instructions provided in this
document.

Limitations

Currently, the MATLAB Compiler 4.0 is only available on Windows and Linux. Therefore these are the only platforms that you may
deploy a compiled MATLAB based task on.

The MATLAB Compiler 4.0 generates executables only for the platform on which it is executing. Therefore if you want to deploy a
MATLAB based module onto a GenePattern server running a different OS (Windows and Linux only) then you must create the
executable from MATLAB on your target platform. This means you need a MATLAB (and MATLAB Compiler) license for the platform on
which you wish to deploy your executable.

Adapting your MATLAB code

Whether you are using the direct aproach or the compiled approach or the direct MATLAB call approach, there are two common
patterns you will need to apply to your m-code to make it callable from the command-line.

Entry Function

Calling script m-code from a command line is possible, but may not be useful as you will not be able to pass arguments from
GenePattern to the m-code script for it to act upon. In order to be able to pass arguments to your application such as the file paths to
entry files, or parameteres for the algorithm, you should create a no-return entry function to serve as the top level call into MATLAB.

e.g.
function analyseThis ( filename, whatToWrite )
---. (your m-code here)

Passing Arguments

Arguments to the MATLAB executable will be passed in to MATLAB from the command line as Strings. Therefore the arguments that
your entry function expects need to be Strings as well. One typical use case would be to pass arguments representing the input and
output file names for your m-code to use. If numeric parameters values are to be passed, they must be converted from a String into a
number in your entry function.

Compilation

If you do not plan to use the compiled m-code approach, continue on to the Distribution section .
Compiling your MATLAB m-code into a standalone executable is described in the MATLAB Compiler Documentation. Please refer to
this documentation to understand all of the options available to you.

To summarize the simplest case, from within MATLAB at the MATLAB prompt, execute the following command;
mcc -m analyseThis
Where example is the name of your entry function. This will generate several files in your SMATLAB_ROOT/work directory including;
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Windows:
analyseThis.exe
analyseThis.ctf

Linux:
analyseThis
analyseThis.ctf

The complete set of generaetd files is described in the following table.

analyseThis or analyseThis.exe Executable file (.exe on Windows)
analyseThis.ctf Component Framework file
analyseThis.c C language Source Code
analyseThis.h C Language Header file
analyseThis_main.c C language Source Code
analyseThis_mcc_component_data.c C language Source Code

You will need to remember the location of the executable and ctf files for later use as they will need to be added to the GenePattern
module you will create as support files.

Distribution

This section assumes that you are already familiar with deploying GenePattern modules written in other supported languages (Java, R,
Perl). If you are unfamiliar with the process of deploying a Genepattern module, please refer to the GenePattern Tutorial section on
the Task Integrator before proceeding.

Direct Approach Distribution

To deploy a m-code based MATLAB application as a GenePattern module, in addition to the usual steps for creating a new module,
you will need to ensure MATLAB can be run from GenePattern.

Preparing the GenePattern Server

To distribute your entry function as a Module using the direct MATLAB approach, the first step is to assure that MATLAB is in your
PATH system environment variable so that GenePattern will be able to call it from a command line.

If you do not want to put MATLAB on your path, you may alternately enter the full path to the MATLAB executable on the GenePattern
Module command line. Note that this will make the module less portable to other GenePattern servers.

Windows

1. open a DOS window
2. type "matlab" and hit the 'Enter’ key.

If the MATLAB application starts, it is already on your path. If not,

open the Start->Settings->Control Panel
Double click on System
Select the 'Advanced' tab.
Click the 'Environment Variables' button.
Select or create the PATH variable
=  add the "SMATLAB_ROQT/bin" directory to the path

agrODOE

Retry calling MATLAB from a new dos window.

Linux, Unix and Macintosh

1. Open a terminal window
2. type "matlab" and hit the 'Enter' key
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If the MATLAB application starts, it is already on your path. If not, add it to your path appropriately for the unix shell you are using;

e.g. for csh, add this line to your .cshrc file
export PATH=$PATH:$MATLAB_ROOQOT/bin

Writing the Module Command-Line

Windows:
On windows, you can get away with the simplest command line where you simply call MATLAB with the -r flag to execute your function
and provide the function arguments within a double quoted string.

e.g.
matlab -nosplash -r "analyseThis <pl> <p2>"

This will call MATLAB to run without the splash screen (-nosplash) and tell it to execute the string "analyseThis <p1> <p2>" where p1l
and p2 are GenePattern module parameters that will be passed to the MATLABcommand line as Strings. The function analyseThis will
be looked for on the MATLAB path and it is not even necessary to upload it as a support file although this is recommended.

Linux, Mac, Unix (and Windows):

On platforms other than windows, the execution of the command line differs slightly due to variations in the Java Virtual Machines
(VMs) that GenePattern is running. Java VMs on unix platforms attempt to parse and quote the command line resulting in MATLAB
generating errors in it ‘eval' function if you attempt to use the simple example described above for Windows.

On these platforms it is necessary to use a wrapper Java class to launch MATLAB. This wrapper class will also work on windows and
does not rely on the MATLAB PATH variable making it the preferred approach for all platforms using the direct approach to MATLAB
execution.

Add runmatlab.jar as a module support file. This file is available by request. Email to gp-help@broad.mit.edu if you would like a copy.
Alternately the java source code for the RunMatlab class is included in Appendix C.

Write your command line as follows;
<java> -cp <libdir>runmatlab.jar RunMatlab analyseThis <pl> <p2>
Where 'analyseThis' is replaced with your MATLAB entry function name and <pl> <p2> are the arguments to the function. The

RunMatlab class will ensure that the arguments are correctly written out and will call MATLAB with the -nosplash and -nodisplay
arguments. Source code is avaliable for RunMatlab.java in the appendix.

Compiled Approach Distribution

To deploy a compiled MATLAB based application as a GenePattern module, in addition to the usual steps for creating a new module,
you will need to create a launcher script to call the MATLAB Compiler generated application.

Preparing the GenePattern Server

For the GenePattern server to be able to run a MATLAB Compiler generated application, it must first have the MATLAB Component
Runtime installed on it. This is a collection of shared libraries distributed by The Mathworks containing the runtime code for MATLAB
that is used by the generated application. If the GenePattern server has already had MATLAB installed on it, you do not have to do
anything as the libraries will have been installed with MATLAB itself.

Full details can be found in the MATLAB Compiler documentation. Specifically see the section titled "Deployng Components to Other
Machines". To summarize this documentation, on the GenePattern server machine you need to run the MCRInstaller.

Windows:
1. Copy <matlabroot>\toolbox\compiler\deploy\win32\MRClnstaller.exe to the server machine.
2. run MCRInstaller.exe

Linux:
1. within MATLAB, at the MATLAB prompt execute the command "
buildmcer
2. Copy <matlabroot>/toolbox/compiler/deploy/MCRInstaller.zip to the server machine.
3. On the server machine unzip MCRInstaller.zip into a directory (<mcr_root>).
4. update the dynamic library path for the user running the GenePattern server
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setenv LD_LIBRARY_PATH
<mcr_root>/runtime/glnx86:
<mcr_root>/sys/o0s/glnx86:
<mcr_root>/sys/java/jre/glnx86/jrel_4.2/1ib/i386/client:
<mcr_root>/sys/java/jre/glnx86/jrel_4.2/1ib/i386:

<mcr_root>/sys/opengl/lib/gInx86:${LD_LIBRARY_ PATH}

Writing the Launcher Script

The module command line for a MATLAB compiler based module looks a little different than for a normal module. This is a result of the
requirement for the exe that the compiler generates requiring the .ctf file that it also generates to be on the path. The easiest way to
deal with this is to create a .bat or .sh file to launch the MATLAB application that adds this file to the PATH or LIBPATH and then runs
the aaplication itself.
Windows:
For example, for an application called testTwo.exe on Windows, create a .bat called "mllaunch.bat" containing the following lines;

set LIBDIR=%1

set PATH=%LIBDIR%;%PATH%

analyseThis %2 %3

Linux:
For example, for an application called testTwo on unix, create a .bat called "mllaunch.sh” containing the following lines;

#1/bin/csh

export MCR_ROOT=<path where you installed the files from MCRInstaller.zip>

export LD_LIBRARY_PATH=%$1:$MCR_ROOT/runtime/gInx86:$MCR_ROOT/sys/0s/gInx86:\
$MCR_ROOT/sys/java/jre/glnx86/jrel._4_.2/1ib/i386/client:\
$MCR_ROOT/sys/java/jre/glnx86/jrel.4.2/1ib/i386:\

$MCR_ROOT/sys/opengl/lib/gInx86

export PATH=$1:$PATH
chmod a+x $1/analyseThis
analyseThis $2 $3

For the linux operating system, we need to add the line to set the permissions on the executable file to executable since the default for
the GenePatternServer is to not set this on uploaded files.

Writing the Module Command-Line

The command line would then call this file, passing the <libdir> parameter as the first argument (so that it can be added to the path).

Windows:

<libdir>mllaunch.bat <libdir><param1> <param2>
Linux:

sh <libdir>mllaunch.sh <libdir> <param1> <param2>



The first <libdir> sets the path to the mllaunch script itself. The second <libdir> is passed as the first argument to the script so that it
can add this to the PATH (or LD_LIBRARY_PATH). The <paraml1> and <param2> arguments are the arguments to the MATLAB
application passed in the normal GenePattern manner.

Module Parameters

Parameters to be passed to the MATLAB generated application should be entered in the usual manner as described in the
GenePattern Tutorial.
All parameters will be passed into MATLAB from the command line as Strings.

Adding Support Files

For a MATLAB generated application, there are minimally two file required to be added as support files for the application. These are
the application executable, and the application *.ctf file that were generated by the MATLAB Compiler. If your application requires
additional files for its execution these should also be added as support files for the Module.

Distribution Licensing

MATLAB Licensing Agreement: http://www.mathworks.com/company/aboutus/policies_statements/agreement.pdf

Should you choose to distribute your MATLAB based module to others, you must ensure you are in compliance with the MATLAB
licensing agreement whose URL is above. Please refer to the agreement itself for exact details, but | will summarize a few salient points
here for GenePattern module developers.

= You may not distribute code that uses MATLAB that competes with one of TheMathWorks products

=  You may not modify or remove any license file included with the MCR Libraries

=  Module users must be made aware of the MATLAB license agreement in documentation and accept them before installation.

=  The application's about box or an equivalent "visible" locaiton must include the legend "MATLAB copyright 1984-2004 the
MathWorks Inc.", where the year '2004' represents the year you release your module.

You are responsible to review the MATLAB software license for all details to ensure you comply with them. The above list in no way
exempts you from this responsibility.

References
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The MATLAB Compiler

Appendix A, Example of Deploying a compiled MATLAB
Application to Linux

This section will describe a step by step example of deploying a simple m-file as a GenePattern module on a GenePattern Server.
Where the actions are different for Linux and Windows, it is so noted in the steps.

The example will be a simple MATLAB m-file that takes a filename and a String and writes the String out to a file with the given name.

Al, Writing the m-file

The first step is writing the MATLAB m-file that you want to share. For our example of writing a string to a file it consists of the following
lines;

% write the variable whatToWrite to a file called filename in the current directory
fid = fopen(filename, "w");

fprintf(Fid, "#writing to a file\n\n");
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fprintf(Ffid,whatToWrite);

fclose(Tid);

A2, Adapting the m-file to be called from a comand line

In order to call it from the command line and pass it parameters, we need to turn this script into a no-return function. To do this we add
a single line at the start of the m-file and save this file to the name of the function (i.e. writeToFile.m).

function writeToFile( filename, whatToWrite)

% write the parameter whatToWrite to a file called filename iIn the current
directory

fid = fopen(Ffilename, "w");

fprintf(fid, "#writing to a file\n\n");

fprintf(fid,whatToWrite);

fclose(Tid);

A3, Compile the m-file

Within the MATLAB environment, we call the MATLAB Compiler to convert this function into an application.
>> mcc -m writeToFile

Within the current working directory, this creates the following files, we will use the only the ctf and the executable in the later steps.
writeToFile
writeToFile.ctf

A4, Prepare the GenePattern Server (Linux)

This step needs to be done only for the first MATLAB application you deploy. After you have done it the first time you can reuse the
libraries you install for subsequent installations;

Within the MATLAB envronment, create the MCRInstaller zip file
>> puildmcr mcrdir
This will create a directory beneath the current working directory called "mcrdir* and create a file within it called "MCRInstaller.zip.

Copy this file to your GenePattern server (if it is a different machine) and install it into a directory there, For our example we will add a
directory under the GenePatternServer directory called "matlab" and install the library files inside MCRInstaller.zip into that.

cd GenePatternServer

mkdir matlab

cd matlab

cp <path to mcrinstaller.zip>MCRInstaller.zip .

unzip MCRInstaller.zip

A5, Create the shell file to launch the application (Linux)



We will now create the shell file that sets the PATH and LD_LIBRARY_PATH variables for the environment, ensures the application is
executable, and then calls the MATLAB generated application.

In a text editor we create the following file, mllaunch.sh.

#1/bin/csh
export MCRROOT=/home/username/GenePatternServer/matlab/v70

export

LD_LIBRARY_PATH=$1:$MCRROOT/runtime/glnx86 :$MCRROOT/sys/0s/gInx86:$MCRROOT/sys/ java/
Jjre/ginx86/jrel._4.2/1ib/i1386/client:$MCRROOT/sys/java/jre/glnx86/jrel.4.2/1ib/i386:%
MCRROOT/sys/opengl/1ib/glnx86

export PATH=$1:$PATH
chmod a+x $1/testTwo
writeToFile $2 $3
Note that the MCR_ROOT variable is set to the v70 directory which we created by expanding MCRInstaller.zip.

A6, Create the GenePattern Module

Here we create the GenePattern module to execute the mllaunch.sh launching file. Create the module normally (i.e. entering author
etc).

For the command line, we will enter the following;
sh <libdir>mllaunch.sh<libdir> <fname> <txt>
We will define two text variables
<fname> the output file name

<txt> the text to write to the file

We will upload the following files as support files to the module;
mllaunch.sh

whatToWrite
whatToWrite.ctf

A7, Save the module and try it out

As the final step, click on the "Save" button and execute the module. It should create two files, a stdout file that MATLAB writes out
with some execution information, and a file with the text you gave it.

A8, Debugging

Problem:
error while loading shared libraries: libmwmcImcrrt.so.7.0: cannot open shared object
file: No such file or directory

This error (in the stdout file) indicates that you have not correctly set the path to the libraries you installed from MCRInstaller.zip.
Double check the path. If it is indeed correct you may be using a different unix shell than was used in this example. Ensure that the
correct command is being used to set the PATH and LD_LIBRARY_PATH ("export" in the example) in your mllaunch.sh.

Appendix B, Example of Deploying a compiled MATLAB
Application towWindows

This section will describe a step by step example of deploying a simple m-file as a GenePattern module on a GenePattern Server.
Where the actions are different for Linux and Windows, it is so noted in the steps.



The example will be a simple MATLAB m-file that takes a filename and a String and writes the String out to a file with the given name.

B1, writing the m-file

The first step is writing the MATLAB m-file that you want to share. For our example of writing a string to a file it consists of the following
lines;

% write the variable whatToWrite to a file called Ffilename in the current directory
fid = fopen(filename, "w");

fprintf(fid, "#writing to a file\n\n");
fprintf(fid,whatToWrite);

fclose(Tid);

B2, Adapting the m-file to be called from a comand line

In order to call it from the command line and pass it parameters, we need to turn this script into a no-return function. To do this we add
a single line at the start of the m-file and save this file to the name of the function (i.e. writeToFile.m).

function writeToFile( filename, whatToWrite)

% write the parameter whatToWrite to a file called filename iIn the current
directory

fid = fopen(Ffilename, "w");

fprintf(fid, "#writing to a file\n\n");

fprintf(fid,whatToWrite);

fclose(Tid);

B3, Compile the m-file

Within the MATLAB environment, we call the MATLAB Compiler to convert this function into an application.
>> mcc -m writeToFile
Within the current working directory, this creates the following files, we will use the only the ctf and the executable in the later steps.

writeToFile.exe
writeToFile.ctf

B4, prepare the GenePattern Server

If MATLAB is installed on this windows machine, this step can be skipped.

This step needs to be done only for the first MATLAB application you deploy. After you have done it the first time you can reuse the
libraries you install for subsequent installations;

Copy <matlabroot>\toolbox\compiler\deploy\win32\MRClnstaller.exe to the server machine.

At the DOS prompt, or from windows explorer, run
MCRInstaller.exe

B5, Create the bat file to launch the application



We will now create the shell file that sets the PATH variable for the environment, and then calls the MATLAB generated application.

In a text editor we create the following file, mllaunch.bat;
set LIBDIR=%1

set PATH=%L 1BDIR%;%PATH%
writeToFile %2 %3

B6 , Create the GenePattern Module

Here we create the GenePattern module to execute the mllaunch.sh launching file. Create the module normally (i.e. entering author
etc).

For the command line, we will enter the following;
<libdir>mllaunch._bat <libdir> <fname> <txt>
We will define two text variables
<fname> the output file name

<txt> the text to write to the file

We will upload the following files as support files to the module;

mllaunch.bat
whatToWrite.exe
whatToWrite.ctf

B7, Save the module and try it out

As the final step, click on the "Save" button and execute the module. It should create two files, a stdout file that MATLAB writes out
with some execution information, and a file with the text you gave it.

Appendix C, RunMatlab.java

import java.io.*;

/**

* @author genepattern

*

*

Runs a MATLAB function that exists in a directory passed in in the
* first command line argument, with the remaining command-line args

* being passed to the MATLAB function as String arguments.

* Assumes that MATLAB is on the path.



* operates by creating a startup.m Ffile in the local working directory.
* MATLAB reads this by default on startup. The startup.m it creates

* adds the libdir to the path, calls the function (with args) and then quits matlab.

* e.g- Java RunMatlab c:\mystuff fooFunction one two

* will write a startup.m that looks like this

* addpath c:\mystuff

* fooFunction("one”","two")

* quitQ

* and then exec
* matlab -nosplash -nodisplay
*/

public class RunMatlab {

public static void main(String[] args) throws Exception {

createStartupFile(args);

String[] cmdArray = new String[3];

cmdArray[0] = "matlab™;

cmdArray[1] = "-nosplash™;

cmdArray[2] = "-nodisplay";

Process p = Runtime.getRuntime().exec(cmdArray);

InputStream outs = p.getlnputStream();

Thread stdoutReader = copyStream(p.getlnputStream(), System.out);

Thread stderrReader = copyStream(p.getErrorStream(), System.err);



// drain the output and error streams
stdoutReader.start();

stderrReader.start();

p.-waitFor(Q);

protected static void createStartupFile(String[] args){
try {
File startupM = new File(''startup.m™);
BufferedWriter bw = new BufferedWriter(new FileWriter(startupM));
bw.write(*"addpath "+args[0]);
bw.write("\n"");
bw.write(args[1]);
bw.write(""("");
for (int i=2; i < args.length; i++){
bw.write(""");
bw.write(args[i]);
bw.write(""");
if ((i = (args.-length - 1)) & (i '= 0))
bw.write("", ");
}
bw.write(")"™);
bw.write(*'\n"");

bw.write("quit(Q;");

bw.flush();

bw.close();

startupM.deleteOnExit();



} catch (10Exception e){
e.printStackTrace();
System.err._printIn(*'Could not create startup.m file to execute. Exitting.");

System.exit(999);

protected static Thread copyStream(final InputStream is, final PrintStream out)
throws 10Exception {

// create thread to read from the a process® output or error stream
Thread copyThread = new Thread(new Runnable(){
public void run(Q) {
BufferedReader in = new BufferedReader(new InputStreamReader(is));
String line;

// copy inputstream to outputstream

try {

boolean bNeedsBreak;

while((line = in.readLine(Q))!=null){
out.printin(line);

}

} catch (10Exception ioe) {

System.err.printIn(ioe + " while reading from process stream™);

D:;

copyThread.setDaemon(true);

return copyThread;



Using GenePattern MATLAB File Support

Introduction

GenePattern File support for MATLAB is a set of MATLAB functions implemented in m-code and Java that can be used to read and
write expression data files in the standard GenePattern formats including res, gct and odf.

It consists of two functions that you can use in your m-files,

loadGenePatternExpressionFile
writeGenePatternExpressionFile

Installation

1. Download the GenePattern MATLAB file support zip file

2. expand it into a directory (e.g. MATLAB7/toolbox)

3. From within MATLAB, add this directory to your path. Either of the following MATLAB commands will accomplish this.
= >> addpath('<full path to matlab>/matlab7/toolbox/GenePattern’);
= >>rehash toolbox

where <full path to matlab> is replaced by the file system path on your computer.

Example Use

The following example MATLAB m-file code will load a file called ‘all_aml_test.res' that is in MATLAB's present working directory,
reports the size of the data matrix, and then writes the data back out in the odf format. MATLAB responses are shown in italics.

>>all_aml_test = loadGenePatternExpressionFile("all_aml_test.res")
all_aml_test =

data: [7129x35 double]
rowNames: [7129x1 java.lang.String[]]
columnNames: [35x1 java.lang.String[]]
rowDescriptions: [7129x1 java.lang.String[]]
columnDescriptions: [35x1 java.lang.-String[]]

>> size(all_aml_test.data)
ans =
7129 35

>> writeGenePatternExpressionFile("all_aml_test fromMATLAB®", "odf",all_aml_ test.data, \
all_aml_test.rowNames,
all_aml_test._columnNames,all_aml_test.rowDescriptions);

Function Definitions

function expressionDataset=1oadGenePatternExpressionFile(path)

% Load a res, gct or odf file into a MATLAB structure

%

% Parameters

% path - Ffull path to a res, gct or odf format expression file
%

% Return: A MATLAB structure with the following elements

% data - M by N matrix of doubles

% rowNames - M*1 array of Strings



%
%
%
%

function writeGenePatternExpressionFile(path, format, data, rowNames, columnNames,

columnNames - N*1 array of Strings
rowDescriptions - M*1 array of strings
columnDescriptions - unless loading from a gct file

rowDescriptions, colDescriptions, calls)
% Write a res, gct, mage or odf file with data provided.

%
b
%
%
%
%
%
%
%
%
%
%
%
%

X

Parameters
path - Filename (incl path) to write to
format - One of res, gct, odf, mageml
data - M by N matrix of doubles
rowNames - M*1 array of Strings
columnNames - N*1 array of Strings
rowDescriptions - M*1 array of strings
columnDescriptions - unless loading from a gct filefrom a MATLAB

matrix (if absent, columnNames will be used for this)

calls

Return
none.

M*N matrix of ints for A/P calls (res format only)

GenePattern File Formats

This section describes each of the data file formats supported by GenePattern:

RES file format (*.res)

GCT (Gene Cluster Text) file format (*.gct)

CLS (Class) file format (*.cls)

ODF file format (*.odf)

POL file format (*.pol)

CDT (Clustered Data Table) file format (*.cdt)

GTR (Gene Tree Rows) file format (*.gtr)

ATR (Array Tree Rows) file format (*.atr)

It also describes how to manually create GenePattern data files:

Exercise 7a: Creating data files for GenePattern

RES File Format

This is a tab delimited file format that is organized as follows:

The first line contains a list of labels identifying the samples associated with each of the columns in the remainder of the file. Two
tabs (\t\t) separate the sample identifier labels because each sample contains two data values (an expression value and a
present/marginal/absent call).
= Line format: Description (tab) Accession (tab) (sample 1 name) (tab) (tab) (sample 2 name) (tab) (tab) ... (sample N
name)
=  For example: Description Accession DLBC1l 1 DLBC2 1 ... DLBC58 0
The second line contains a list of sample descriptions. Currently, GenePattern ignores these descriptions.
= Line format: (tab) (sample 1 description) (tab) (tab) (sample 2 description) (tab) (tab) ... (sample N description)
=  For example, our RES file creation tool places the sample data file name and scale factors in this row: MG2000062219AA
MG2000062256AA/scale factor=1.2172 ... MG2000062211AA/scale factor=1.1214
The third line contains a number indicating the number of rows in the data table that is contained in the remainder of the file. Note
that the name and description columns are not included in the number of data columns.



= Line format: (# of data rows)
= For example: 7129
4. The rest of the data file contains data for each of the genes. There is one row for each gene and two columns for each of the

samples. The first two fields in the row contain the description and name for each of the genes (names and descriptions can
contain spaces since fields are separated by tabs). The description field is optional but the tab following it is not. Each sample has
two pieces of data associated with it: an expression value and an associated Absent/Marginal/Present (A/M/P) call. The A/M/P
calls are generated by microarray scanning software (such as Affymetrix's GeneChip software) and are an indication of the
confidence in the measured expression value. Currently, GenePattern ignores the Absent/Marginal/Present call.

= Line format: (gene description) (tab) (gene name) (tab) (sample 1 data) (tab) (sample 1 A/P call) (tab) (sample 2 data)

(tab) (sample 2 A/P call) (tab) ... (sample N data) (tab) (sample N A/P call)
=  For example: AFFX-BioB-5_ at (endogenous control) AFFX-BioB-5 at -104 A -152 A ... -44 A

Sample RES file: all_aml_test.res

GCT File Format

The main difference between RES and GCT file formats is the RES file format contains labels for each gene's absent (A) versus present (P)
calls as generated by Affymetrix's GeneChip software.

The GCT format is a tab delimited file format that is organized as follows:

1. The first line contains the version string and is always the same for this file format. Therefore, the first line must be as follows:
= #1.2
2. The second line contains numbers indicating the size of the data table that is contained in the remainder of the file. Note that the
name and description columns are not included in the number of data columns.
= Line format: (# of data rows) (tab) (# of data columns)
=  Forexample: 7129 58
3. The third line contains a list of identifiers for the samples associated with each of the columns in the remainder of the file.
= Line format: Name (tab) Description (tab) (sample 1 name) (tab) (sample 2 name) (tab) ... (sample N name)
= For example: Name Description DLBC1_1 DLBC2_ 1 ... DLBC58_0
4. The remainder of the data file contains data for each of the genes. There is one line for each gene and one column for each of the
samples. The first two fields in the line contain name and descriptions for the genes (names and descriptions can contain spaces
since fields are separated by tabs). The number of lines should agree with the number of data rows specified on line 2.
= Line format: (gene name) (tab) (gene description) (tab) (col 1 data) (tab) (col 2 data) (tab) ... (col N data)
®*  For example: AFFX-BioB-5 at AFFX-BioB-5_ at (endogenous control) -104 -152 -158 ... -44

Occasionally, GCT files are organized in a transposed structure where the columns represent genes and the rows represent samples. The
user should take care to check the organization of the file to ensure that the correct preprocessing is performed on the file. See sample
*.gct files that come with the distribution for complete examples of the format.

Sample GCT file: allaml.dataset.gct

CLS File Format

The CLS files are simple files created to load class information into GenePattern. These files use spaces to separate the fields.

1. The firstline of a CLS file contains numbers indicating the number of samples and number of classes. The number of samples
should correspond to the number of samples in the associated RES or GCT data file.
= Line format: (number of samples) (space) (number of classes) (space) 1
=  Forexample:58 2 1
2. The second line in a CLS file contains names for the class numbers. The line should begin with a pound sign (#) followed by a
space.
= Line format: # (space) (class 0 name) (space) (class 1 name)
=  Forexample: # cured fatal/ref
3. The third line contains numeric class labels for each of the samples. The number of class labels should be the same as the
number of samples specified in the first line.
= Line format: (sample 1 class) (space) (sample 2 class) (space) ... (sample N class)



= Forexample:0 0 0 ... 1

CLS file for sample RES file: all_aml_test.cls
CLS file for sample GCT file: allaml.phenotype.cls

ODF File Format

The ODF format is similar to the RES or GCT file formats for datasets. The main difference is in the header. The body of data still contains
the expression level values for each gene in each sample. Thus the main data block (after the header lines) is a matrix of values. The
columns are defined by a name and optionally a description. The rows have a name (name of the gene for instance) and a description
(description of the gene). The columns contain the expression values for each gene in a sample. If the first gene in the data block is a
particular Tyrosine Kinase then each of the samples contained in each of the columns will have expressions values for that particular
Tyrosine Kinase in the first row.

ODF Header for Datasets

The following example shows the header lines of an ODF file. The first five lines are required.
The line numbers are shown for easy reference, they should not be included in your file.

ODF 1.0

HeaderLines=7

Model= Dataset

DataLines= 3

COLUMN TYPES: String String float float float*

COLUMN DESCRIPTIONS: Sample from DFCI Sample from UK Sample from Children's
COLUMN NAMES: Name Description Sample 1 Biopsy 2 Biopsy 4

RowNamesColumn=0

RowDescriptionsColumn=1

©CeNohr~wNE

Lines 1 and 2 are required first and second lines. They must both be present in the header and be the first and second lines. They signify
that this is an ODF formatted file (of type 1.0) and indicate the number of header lines that follow before the main data block (in this case 7
more). Line 3, required to be somewhere in the header of an ODF file, defines this ODF file as containing Dataset data. Line 4 is required
somewhere in the header file. It indicates the number of data rows present in the data block. Line 5 is required somewhere in the header
file for any ODF file that has a main data block. It defines the type of data in each column. Line 6 is a tab delimited list of descriptions for
each column. Line 7 is a tab delimited list of names for the columns. Line 8 defines which column will have the row names, and Line 9
defines which column will contain the row descriptions.

=  The first element of each header line will be a key word. The keyword defines/describes what kind of meta data will be found
on the rest of that line.

= Aremark is a human readable comment that is skipped by the parser. This line starts with the "#" character and can contain
any type of text since it is not parsed. Note that remarks are not counted as header lines and the user can insert them "by
hand".

=  The number of data lines can be quite large. For example, the U133A chip measures the expression values for about 20,000

k’ human genes. A Dataset created from several samples using the U133A gene chip could have a large value for the

DatalLines tag.

=  The COLUMN_NAMES:, COLUMN_DESCRIPTIONS:, and COLUMN_TYPES: lists must have the same number of
elements. Also the number of elements must be equal to the number of columns in the main data block.

= The COLUMN_NAMES:, and COLUMN_DESCRIPTIONS: could be empty, that is simply contain the proper number of tabs
but no text.

Main Data Block

The following example shows the first few lines of the main data block:

1000_at X60188 HSERK1l Human ERK1 mRNA 145.3 240.37823 158.66888
1001 _at X60957 HSTIEMR Human tie mRNA 20.5 31.139397 14.053186
1002 £ at X65962 HSCP450 H.sapiens mRNA -9.6 118.06088 -8.287777

The main data block must be consistent with the header. The first COLUMN_NAMES element is "Name". This label is associated with the



first column (values: 1000_at, 1001_at, and 1002_f_at). The second column's label is "Description" which is associated with the second
column of the main data block. The next three columns are floating point numbers that represent the gene expression values for each of the
samples.

_ = The first two columns are just text data, and next three columns only contain floating point values. This is consistent with the
k "String, String, float, float, float" elements in the COLUMN_TYPES: list.

Sample ODF file: all_aml_train.preprocessed0.odf

POL File Format

The POL file format represents a Parameter-Ordered List. This format is a tab-delimited file with 4 columns, consisting of the following:

A ranking (an integer corresponding to the rank of the feature)
Unique feature identifier

Feature description

Distance metric (value upon which the rank position is based)

PwbdPE

If you don't have a distance metric, you can use the rank in column 4 as well. Lines from a sample pol file are shown below:

0 X59798_at CCND1 Cyclin D10.0

1 S69272_s_at Cytoplasmic antiproteinase 465.5319538

2 U37012_at Cleavage and polyadenylation specificity factor 493.1997567
3 X69910_at P63 mRNA for transmembrane protein 493.5331802

4 U53347_at Neutral amino acid transporter B mRNA 515.3552173

5 M80899 at AHNAK AHNAK nucleoprotein (desmoyokin)539.9990741

CDT File Format

CDT files will be created by the Hierarchical Clustering Algorithm. This is a format defined at Stanford for their Hierarchical Clustering
program. More information on this format is available here.

GTR File Format

GTR files will be created by the Hierarchical Clustering Algorithm. This is a format defined at Stanford for their Hierarchical Clustering
program. More information on this format is available here.

ATR File Format

ATR files will be created by the Hierarchical Clustering Algorithm. This is a format defined at Stanford for their Hierarchical Clustering
program. More information on this format is available here.

Creating Data Files

Creating GCT or RES files manually is relatively easy since most spreadsheet and database programs allow you to export your data into a
file in a tab- separated format. Once you do this, you only need to load the file into a text editor or word processor, make the necessary
format changes, and save the file as raw text.


http://genome-www5.stanford.edu/help/formats.shtml#cdt
http://genome-www5.stanford.edu/help/formats.shtml#gtr
http://genome-www5.stanford.edu/help/formats.shtml#atr

Exercise 7a: Creating Data Files for GenePattern

This exercise provides an example of converting a CDT file (sample.cdt) to a GCT file that can be used with GenePattern
(sample.imputed.qgct). To convert the CDT file:

= Save the (sample.cdt) file to your local drive and open it in Microsoft Excel.

B Microsoft Excel - sample.cdt i =101 %]
‘] Ble Edt Wew [Insert Fomet Took Data  Window  Help Type a question for help = - & X
DS E S BB 98- @ef:m -8B 7 ulz-A- B
Al - B GID
A B C 0] | E F &3 H | | =
1 (=0 CLID MAME GWEIGHT SKTO34-co PETO03 CiPerth 99-1| Perth 99-1. SKTO27 SI{I'EIEE Ci5=
| 2 |AID ARRYA2Y ARRY11X ARRYTY ARRYSX ARRYITH ARRY3EX A
| 3 |GENESAZ IMAGE 76 108053 ™ 1 0.&2 0.48 -0.03 027 -0.33 0.49
| 4 | GENE118: IMAGE 48117386 SL 1 063 00z -0.06 033 -0.07 073
| 5§ GENEESD: IMAGE 84112537 GE 1 -0.03 -2.25 -0.06 0.3 0.45 0.59
| B GEMEERZ IMAGE: 14112894 Ah 1 -0.48 0.88 075 0.x2 057 05
| 7 GENE4ID: IMAGE 26 108064 G2 1 051 0.26 0.9 065 0.4
| B GENE14E: IMAGE 72295836 ESF 1 A.07 022 052 0.42 0.5 0.45
| 8 GENE148¢ IMAGE 24 99166 PLE 1 025 N 0.7s 0561 1.02
| 10 GENET1E: IMAGE 78 117056 * 1 -2.4 071 -3.32 -1.32 0.2
| 11 GEME132" IMAGEG% 119375 E! 1 203 «1.53 <0.45 D54 «1.13
| 12 GENE145, IMAGE 7798682 LAK 1 -1.01 -1.04 453 053 0.3 057
| 13 |GENEBAE! IMAGE 75105346 E! 1 -1.21 0.33 0.13 032 0.
| 14 | GEME250: IMAGE: 28103756 RF 1 09 0.01 -1.3 0.33 -1.01
| 15 GENE151: IMAGE BIIS9546 FL 1 1.3 1.09 -2.18 0,43 -1.54
| 16 | GENEBAS: IMAGE: 12105371 C 1 -1.15 094 0.2 036 -0.84
17 GEMEERIX IMAGE ST 101059 FL 1 -1.22 077 059 013 1.09 053 =
M4 Hlysample / J 0 I ]
Ready MU A

= Delete the CLID and GWEIGHT columns. The GCT file format allows for only two columns of annotations.

B Microsoft Excel - sample.cdt =101 x|
‘] Ble Edt Wew Ineert Format  Took Dasta  Window Help Type s questionfer help = _ @ X
NDEE G B 9-8z-2 0o f:m - B zumE-A- B
Al - A GID
A B C 1] E F (£ H | =
1|0 MARE SKT034-ctPKTO03 CiPerth 99-1 Perth 99-1) SKT0EF CiSKTOZE CiSKTIZT G Slﬂ'ﬂ'll cic4
| 2 |AID ARRYAZY ARRY11X ARRY7Y ARRYEX ARRYITX ARRYIEY ARRYI4X ARRYIEX A
| 3 |GENES4Z: 108053 ™ 052 0.48 003 0.27 033 0.49 016 0.27
| 4 |GENE118: 117366 5L 063 n.oz2 -0.06 036 0.07 0.73 02 023
| 5 |GENEBS0: 112537 G 0,03 -2.25 -0.05 0.3 045 059 1.17
| B GEMEEEZ2: 112894 Ak 0.48 0.3 0.75 0.22 -0.57 0.5 -0.47 -0.24
| 7 GEMNEA1D: 106064 GE 051 0.3% 0 0ES 0.4 -0.32 021
| B8 |GENE14B:95838 ESF -1.07 -0.22 nsz 40.42 096 0.45 -0.45 018
| 8 GENE148:99166 PLC 025 03 075 &1 102 03 -0.69
|10 GENET18: 117088 * -24 0.7 -3.32 -1.32 021 -1.84 027
| 11 GEME1327118575 E: 203 -1.53 045 064 -1.13 -1.63 042
| 12 GENE145.968682 LA -1.01 -1.04 0.53 .53 .36 057 -0.68 -1.32
| 13 |GENEBAE: 109346 E: 1.2 033 013 40,32 0.3 1.2 0.32
| 14 | GEME250: 103785 RF 08 0.0 -1.3 038 =1.01 =16 -0.28
| 15 | GENE151:99548 FLJ -1.31 1,09 -2.18 0.43 -1.54 09 053
| 16 | GENEBAS: 109371 CX -1.15 004 0.2 036 084 005 045
17 |GEMEE3X 101058 FL -1.22 077 -0.59 0.13 104 053 0.1 063 =
M4y misample / j N I— »
Ready NUM A

= Delete the second row, which contains array identifiers (AID). The GCT file format allows for only one row of identifiers.



B Microsoft Excel - sample.cdt =101 x|
‘] Bl Edt Wew Iwet Fomet Jock Deta Window el Type a For -8 X
NDEE G B 9-8z- 0o f[m - B Zzum-A- B
Al - B G0
SKT034-coPKT003 CiPerth 99-1 Perth 99-1) SKT0EF CiSKTOZE CiSKTIZ3 CSKTON G C:!
2 GEMES4T 108053 * 052 0.48 0.03 027 033 0,49 016 0.7
3 GEME118:1173685 SL 063 0oz -0.06 038 0.07 073 0.2 0.23
LGENEEE& 112637 55 003 -2.25 -0.06 03 0.45 0.549 1.7
5 | GEMEGSZ: 112394 Ak 0,45 0.&8 0.75 022 057 05 -0.47 -0.24
iGENE#'ID: 106064 55 051 0.2 0/ 065 0.4 -0.32 0
| 7 |GENE14E£98838 ESF -1.07 -0.22 &2 0.42 096 0,46 -0.46 018
| 8 (GENE148:93166 PLC 0.25 0.3 0.7s 0.E1 1.02 0.3 069
9 GEME1E: 117056 ™ 24 a7 -3.32 -1.32 oA -1.84 0z
EGENEEE'“QEI?E E: -2.03 -1.53 -0.45 0.E4 -1.13 -1 63 0.42
| 11 GEME145:95652 LAk 1.01 -1.04 053 053 -0.36 0.57 063 -1.32
| 12 GENEB4E: 109346 E: 1M 033 013 032 0.3 -1.22 032
| 13 |GENE25( 103786 RE 0.9 -0m -1.3 038 -1.01 16 0.28
| 14 |GENE151:99546 FLJ 1.3 1.08 -2.18 0.43 =154 09 n&3
| 15 | GEMEE4: 109371 Cx -1.15 0.94 0.2 0,36 084 0.05 0.45
| 16 | GEMEE3X 101059 FL -1.2%2 077 0.59 013 1.09 053 0.1 0EB3
17 GEMESSE: 114119 FA 117 08 0.42 0.94 -1.75 0.35 -0.68 081 =
144 v nlsomple / j 0 v ]J
Ready UM

= Add two header rows at the top of the file:
= In the first row, first cell, enter: #1.2
= |nthe second row, first cell, enter the number of data rows: 1553
= |n the second row, second cell, enter the number of data columns: 44

Bl Microsoft Excel - sample.gct =101 x|
] Ele Edt Wew [nsert Format Jook Data  Window  Help Type aquestion for heb = o & X
NS S E @98z e [ - Bz u|m-A- B
Al - B @2
A B | ¢ [ o | E [ F | &6 [ H | 1 [ 4 |3

1 E 2 | =
| 2 | 1553 44
| 3 |GID MAME SKTO34-c¢ PKTIO3 CiParth 29-1 Perth 99-1]SKT027 ChSKTOZE CiSKTOZ23 CiSKTO11 CiC
| 4 |GEMES43: 108053 ™ ns2 0.48 0.03 027 033 0.49 016 027
5 GENE118: 117386 SL 053 002 -0.05 0,38 007 073 0.2 0.23
| B GEMEBSO: 112537 G2 0.03 -2.25 -0.06 03 0.45 059 1.17
| 7 | GEMEESZ 112894 Ak 0,48 0.68 075 022 057 05 -0.47 -0.24
| 8 GENE410: 108064 G2 051 0.26 0. 065 0.4 -0.32 021

9 GEME14EL956838 ESH -1.07 -0.22 ns2 -0.42 096 0.46 -0.45 -0.18
EGENEHEEBWEE PLC 025 0.3 0.75 0.E1 1.02 0.3 0.E9
| 11 GENE116: 117055 ™ =24 0. -3.32 -1.32 0.2 -1.84 027
| 12 GENE1327119375 E -2.03 -1.63 -0.45 064 -1.13 -1.63 042
| 13 |GENE145198682 Lak 1.0 -1.04 053 053 035 057 083 -1.32
| 14 GEMEB4E: 109345 E: 1.1 033 013 032 0.3 -1.22 0.32
| 15 | GEME250: 103768 RF 049 -0.01 -1.3 0.38 -1.01 -16 0.28
| 16 |GENE151799545 FLJ 1.3 1.09 218 043 -1.54 09 053

17 GEMEB4S: 109371 CX -1.15 0.94 0.2 0.36 084 0.05 nas =
144 v nlsomple / j N I ]
Ready NUM A

= Save the modified file as a text (tab delimited) file with the name sample.gct.

Your original CDT file contained cells that were missing data. Most GenePattern modules require that all cells in a GCT file contain data.
You can use the GenePattern analysis module ImputeMissingValues.KNN to add the missing data to your GCT file. To do so:

= Launch either the GenePattern Java or Web Client.
= Select the ImputeMissingValues.KNN analysis task.



=  Forthe data filename parameter, enter your sample.gct file.

ImnputeMissing¥ alues KNN |9':]
Impubes missing values (Windows only)
[v Show Parameter Descriptions

data Filename: I'C'l.ﬂfﬂlﬂllﬂ | Browse... |
Diaka filie (rissing values are shored 25 MA) - .ot

k: [10
Number of nelghbors bo be wsed in the imputation

rOWMax: ED.5
The maximum parcent missing data allowed in any now

colmase: 0.3
The maximum percent missing data allowed in anvy column

output file: Im;-am}.i'rq:q.bﬁ:l.g:t
The name of the output file - .get

pmmm

®=  Run the analysis.

The results file, sample . imputed.gct, can be sent to most GenePattern modules.



