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1 Introdu
tionTiArA is a program for the analysis of A�ymetrix tiling array data. Its aim isto be a user-friendly graphi
al interfa
e for the normalization and summarizingof data.2 InstallationThere are two methods for installing TiArA on your 
omputer. The preferredmethod is by 2.1 that will run on any modern 
omputer using a virtualizationsolution su
h as Sun Virtualbox, or VMware. Alternatively, if you are runningUbuntu linux (version 8.04 or higher), you 
an 2.2 and install from there. Theadvantage of installing the virtual applian
e is that the ma
hine is spe
i�
ally
on�gured to run the TiArA program and will re
eive updates automati
ally.2.1 Virtual Ma
hine InstallationThe virtual ma
hine is distributed in Open Virtualization Format (OVF) and
an therefore be installed on any ma
hine running virtualization software thatis OVF 
ompatible. This in
ludes Windows, Linux, and Ma
OS ma
hines. Thema
hine was developed on Sun Virtualbox (version 3.0) and is pre-
on�guredto set up �le sharing with the host ma
hine using Sun's Virtualbox Tools. It istherefore re
ommended to install the system under Sun Virtualbox. More ad-van
ed users will be able to install the system on other virtualization platformsand 
on�gure �le sharing through a networked server.The following instru
tions indi
ate how to install the ma
hine under SunVirtualbox (version 3.0 or later):1. Download and install Sun Virtualbox for your 
omputer by following theinstru
tions at http://www.virtualbox.org.2. Download the TiArA virtual applian
e �le (tiara.tar.gz) from http://tiara.liai.org.3. Unzip the the tiara.tar.gz.4. Run Virtualbox and sele
t �Import Applian
e� from the �File� menu. Ifthis option is not there, make sure you are running version 3.0 or later by
li
king on �Help->About Virtualbox�.5. In the �Applian
e Import Wizard� window that appears, 
li
k the �Choose�button. Navigate to the lo
ation where you unzipped the �tiara.tar.gz�,sele
t the �tiara.ovf� �le and 
li
k �Open�.6. Cli
king �Next� will bring you to the �Applian
e Import Settings� s
reen.You should not need to 
hange anything here. Cli
k on the �Import>�button to bring up a popup window asking you to agree to the li
ense. Ifyou agree, 
li
k on the �Agree� button and the import pro
ess will begin.2
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7. After the import pro
ess 
ompletes, an entry 
alled �TiArA-VM� shouldappear in the main window of Virtualbox. From here, you should followthe instru
tions on 3.2.2 Installation from Debian repositoryA Debian repository is maintained that will always store the latest version ofthe software. To install from this repository, please follow these steps:1. Add the following line to your �/et
/apt/sour
es.list� �le:deb http://tiara.liai.org/apt hardy 
ontrib2. Refresh your pa
kage database:sudo apt-get update3. Install the pa
kage:sudo apt-get install tiara4. From here, you should pro
eed to the se
tion 4.3 Booting for the �rst timeNOTE: This se
tion only applies to those users using the virtual ma
hine versionof TiArA.Upon �rst boot, you will be prompted to 
hange several settings in
ludingadding a user a

ount and password. Please follow the prompts and wait for thevirtual ma
hine to reboot before starting the TiArA software. Additionally, youwill want to 
on�gure �le sharing with the host ma
hine, so that you 
an a

essthe �les that you wish to analyze and save the output to your host ma
hine.3.1 Con�guring �le sharing with the host (Virtualbox ONLY)In order to 
on�gure sharing with the host ma
hine, you should follow thesesteps:1. With the virtual ma
hine running in windowed mode (i.e. not full s
reen),sele
t �Shared Folders� from the �Devi
es� menu. This will bring up a�Shared Folders� window.2. Cli
k on the folder with the �+� sign to add a new shared folder.3. From the �Folder Path� drop down menu, sele
t �Other� and navigate tothe folder that you would like to a

ess on your host ma
hine (e.g. your�My Do
uments� folder).4. In the �Folder Name� �eld, enter a short name for the folder with no spa
esor spe
ial 
hara
ters (e.g., �shared�,�host�, et
.).3



5. Cli
k on �OK� in this window and then again in the �Shared Folders�window to return to the virtual ma
hine.6. Cli
k on the �Con�gure File Sharing with Host� i
on on the virtual ma
hinedeskop. This will prompt you to enter the name of the shared folder.7. In this window, type the name that you entered in step 4 and 
li
k �OK�.8. Now, folder sharing should be set up. You will see an i
on on your desktopwith the name of your share. Cli
king on it should allow you to a

ess the�les on your host ma
hine.4 Using TiArATiArA has been designed with usability in mind and presents the user with astepwise interfa
e. Upon opening the program, the user is asked whether tostart a new session or load data from a previous session. A session 
onsists of aset of CEL �les, and the parameters by whi
h they are analyzed.4.1 The TiArA interfa
e

1. The tab sele
tor - you 
an sele
t either the �Analysis� tab or the �Export� tab.2. Show/Hide messages 
he
kbox. Cli
king on this box will toggle the displayof verbose messages in the message box (3).3. The message box - When visible, will display verbose messages regardingthe analysis. 4



4. The progress indi
ator - This bar will display messages regarding theprogress of the analysis.5. Normalization status indi
ator - This indi
ates the status of the analysis.A red 
ir
le indi
ates that the data have not yet been normalized. Agreen 
he
kmark indi
ates that the data are normalized and the exporttab fun
tionality is available.Cli
king on the �Start New Session� button will start TiArA with the defaultparameters. From there, the user should pro
eed through the steps on the �4.2�.As ea
h step is 
ompleted, the next step be
omes available. When you begin,only step 1 will be available. The remaining steps will be grayed out:

4.2 The analysis tab4.2.1 Step 1 - Sele
ting a working dire
toryThe �rst step is to sele
t the working dire
tory. This is where all of the �lesasso
iated with your analysis will be stored. For ea
h analysis, you should use aseparate working dire
tory to prevent new analyses from writing over old ones.To sele
t a working dire
tory, 
li
k on the �Sele
t� button on the right of thewindow. This will bring up a �le 
hooser dialog window where you 
an sele
tthe folder to use. If you would like to 
reate a new folder, you may do so by
li
king on �Create Folder�:
5



After you 
li
k �Apply�, the working dire
tory will be set and step 2 willbe
ome a

essible:
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4.2.2 Step 2 - Sele
ting an array designIn order to analyze the data from your 
hip, the program needs to know thedesign of the array. The array design data is stored in a MySQL database ba
k-end whi
h is empty when TiArA is �rst installed. To tell the program aboutyour array design, you must import a TPMAP �le in this step. A TPMAP �le isthe text version of a BPMAP �le and 
an be a
quired by 
onta
ting A�ymetrixdire
tly. On
e a TPMAP �le is imported, the array design will be stored inthe database and will be available for all future analyses. If you have alreadyimported the TPMAP �le you wish to work with, simply sele
t it from thedrop-down menu.To import a TPMAP �le, 
li
k on the drop-down box and sele
t �New...�.This will bring up the TPMAP import window:
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In this window, you should navigate to the TPMAP �le that 
orresponds toyour 
hip and enter a name for it in the text box. Cli
king OK will 
ause the
hip data to be read into the database. This 
an be a slow pro
ess, but only willbe performed on this initial setup. If you would like to use the same array inthe future, it will appear in the drop-down list under the name that you enteredhere.4.2.3 Step 3 - Sele
ting CEL �lesProbe intensity data for A�ymetrix tiling arrays are stored in CEL �les. Toanalyze a group of CEL �les together, you must add them in this step. Cli
kingon the �Add� button on the right side of the window will bring up a �le 
hooser.From here, you may sele
t a set of CEL �les to analyze. Note that if theCEL �les are 
ontained in di�erent dire
tories, you will have to add them fromea
h dire
tory separately. After you have sele
ted the CEL �les to analyze, thewindow should look similar to this:
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Next to ea
h CEL �le, two new buttons will appear, �Edit� and �Remove�.The �Remove� button simply removes the CEL �le from this analysis. The�Edit� button opens up a window that allows you to edit the metadata for thesample:
When the window �rst pops up, the �elds will be empty ex
ept for the samplenames, whi
h are assigned default values. You do not have to edit the metadata,but it is en
ouraged to 
hange the sample names to something meaningful sothat the �nal output is understandable.4.2.4 Step 4 - Edit parametersIn this step, you will 
hoose the probe sets that will be analyzed. You must sele
tat least one probe set to be analyzed and one probe set to use for ba
kgroundsubtra
tion. Ideally, the probe set used for ba
kground subtra
tion will be non-spe
i�
 and 
ontain a sampling of di�erent GC 
ontents. Cli
king on the �Edit�9



button in step 4 will bring up the following window:

In this window, ea
h of the probe sets from the TPMAP �le will be listed.On
e you have sele
ted your probe set(s) for analysis and ba
kground subtra
-tion, 
li
k �OK�.When this step is 
ompleted, TiArA will ask you if you would like to saveyour session. Please see 4.4 for further explanation.4.2.5 Step 5 - Edit analysis metadataThis is an optional step to add 
ertain metadata to your analysis. Currently,the only pla
e this is stored is in the session �le. Cli
king on the �Edit� buttonin this step will bring up this window:
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Step 6 - AnalyzeAfter all of the other steps have been 
ompleted, 
li
king on the �OK� buttonin step 6 will perform the following:1. Read CEL �les into memory2. Perform GC-based ba
kground subtra
tion3. Write �les (.data) for import into R4. Import data into R5. Quantile normalize array data against one anotherThis step will take some time depending on the number of arrays analyzed, sizeof the arrays, and pro
essing power of your 
omputer. On
e it is 
omplete, thenormalization status indi
ator should 
hange to a green 
he
k mark and the�Export� tab fun
tionality will be
ome available.4.3 The export tabThis tab provides several means for exporting the data that were ba
kground-subtra
ted and normalized from the �Analysis� tab.4.3.1 Save R SessionThis button will save the 
urrent state of the R interpreter to a �le, so that youmay inspe
t the data manually and perform further analyses. To load this datainto R, you would use the �load� fun
tion from within R.11



4.3.2 Genome browser tra
kThis will produ
e a �le (WIG format) that 
an be viewed in a genome browsersu
h as the A�ymetrix Integrated Genome Browser (IGB). Cli
king this buttonwill bring up a window that prompts the user for several parameters:
The user must sele
t whi
h sample to export, whi
h probe group of the sam-ple, a 
hromosome ID, and the strand. All parameters should be self-explanatoryaside from the 
hromosome ID. The 
hromosome ID is the name of the 
hromo-some as spe
i�ed in the sequen
e sele
tor of the IGB:

On
e the �le is exported, you 
an load it into IGB for viewing.4.3.3 ORF expression levelCli
king on this button will allow you to 
al
ulate the expression level of ea
hORF/gene in the sequen
e. It 
an read in a Genbank �le with annotations andwill output a table of ORFs in
luding their expression level and P-value. Inorder to use this feature, you must �rst set a few options:12
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First, you must sele
t an annotation �le to use and the format of the �le.TiArA 
an read �les that are in Genbank format, as well as its own internalTiArA format. The results will be exported to the working dire
tory by default,but this 
an be 
hanged by 
li
king on �Save As�.On
e �OK� is pressed, the 
al
ulations will begin. This operation 
an takesome time and is dependent upon the number and length of the ORFs whi
hyou are analyzing and the speed of your 
omputer. Upon 
ompletion, a �letitled �orf_expression.xls� will be exported to your working dire
tory. This �lewill 
ontain one worksheet per sample, named as you spe
i�ed in the samplemetadata (default=sample1, sample2, et
.).4.4 SessionsTiArA allows the user to save their progress in a �le so that they 
an resumean analysis at a later time, or re-do an analysis with di�erent parameters. Thesession �le stores:
• analysis parameters
• CEL �les
• analysis metadata
• sample metadata
• normalization stateThe user will be asked at several points whether to save the session to a �le.Additionally, the session 
an be saved at any point by 
li
king on �Save Session�from the �File� menu.To load a session, the user 
an 
li
k on �Load a previous session� at startupor on �Load Session� from the �File� menu at any time.5 File formats5.1 Input �les5.1.1 TPMAP (
hip layout)The A�ymetrix TPMAP �le is a text version of the BPMAP �le des
ribing thelayout of probes on the 
hip. If you do not have a

ess to a TPMAP �le, you 
an13
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use a utility in
luded in the A�ymetrix Power Tools to 
onvert your BPMAP�le to text.5.1.2 CEL (Raw image data)CEL �les 
ontain the raw image data from the 
hip.5.1.3 Genbank (Genomi
 annotations)Genbank �les 
ontain genomi
 sequen
e and annotation data in
luding genelo
ations.5.2 Output �les5.2.1 R s
ript �lesThese �les (ending in .R) will be found in the �Rs
ripts� dire
tory underneaththe working dire
tory. These �les are read into the R interpreter by the program,but 
an also be used for exploratory data analysis.
• There are 3 �pro
ess� �les: pro
ess1.R, pro
ess2.R, and pro
ess3.R thatin
lude instru
tions for reading in the array format and .data �les, as wellas performing quantile normalization.
• If you summarize the ORF expression data, a �le 
alled �orf.R� is produ
edthat in
ludes instru
tions for 
reating this ORF summary.5.2.2 XLS (ORF summary)Cal
ulating the level of ORF expression yields an Ex
el spreadsheet that 
an beviewed in Mi
rosoft Ex
el, or OpenO�
e. The �le will have as many worksheetsas there are samples in the analysis with the following �elds:
• name - the name of the ORF/gene
• start/end - the starting and ending position of the ORF/gene in the 
on-text of the genome
• strand - the orientation of the gene. For histori
al reasons, �t� indi
atesthe top, or forward, strand, while �f� indi
ates the bottom, or reverse,strand.
• seqid - the sequen
e identi�er from the Genbank �le
• N - the number of probes lying 
ompletely within the ORF/gene
• median - the median probe intensity within the ORF/gene
• mean - the mean probe intensity within the ORF/gene
• sd - the standard deviation of all of the probes within the ORF/gene14
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• P - the P value that the ORF/gene is expressed above ba
kground (
al-
ulated using the binomial distribution)5.2.3 .data (Normalized data)These �les are 
reated after the GC normalization and in
lude 5 tab-delimited
olumns:
• uid - unique identi�er for ea
h probe
• pm_signal - the raw signal of the perfe
t-mat
h probe
• pm_g
norm - the GC normalized signal of the perfe
t mat
h probe
• mm_signal - the raw signal of the mismat
h probe
• mm_g
norm - the GC normalized signal of the mismat
h probeNote that all signal intensities are log-transformed5.2.4 WIG (Genome browser tra
k)This �le in
ludes the quantile normalized data for viewing in a genome browser.The format spe
i�
ation 
an be found at the UCSC website.
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