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1 Summary

ClutrFreehasfor primary function to display clusters(the output of any clus-
tering algorithm) computedfrom experimertal data in a conveniert manner
that will aid in their interpretation. We assumehere that experimers are
presened under the form of a large matrix whereead linesrepresetts a vari-
able over a seriesof conditions (the columns). The data is usually clustered,
and the obtained clusters are usedfor interpretation. Besidethe choice of
the clustering algorithm, program, parametersneedto be adjusted (for in-
stance, ltering parametersor numbers of nodesfor Self-OrganizingMaps).
ClutrFreeaids in determining those parameters.

ClutrFree features an integrated algorithm to group the clustersinto a
tree, eat tree level being an experimert. In parallel, a secondarytree is
constructedwith the genemenbership. As a primary goal, we wereinterested
in analyzing the behavior of a clustering algorithm applied on experimental
microarray data asweincreasedhe number of basisvectors. To help drawing
conclusions,genescan be displayed along with their IDs, descriptions, and
ontology.

The cluster tree and the menbership tree are built with the following
procedure:

1. Eadh analysisis represeted as a tree level, beginning with the exper-
iment having the least number of clusters. For comparisonof experi-
merts having the samenumber of clusters,the order is not important.
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2. The n + 1 level is comparedto the n level by calculating the Pearson
correlation of all nodesat n with all nodesat n+ 1. The connections
are made from highestto lowest. Any orphan nodesfrom level n + 1
are connectedto the level n by the samemethod.

3. Step2isrepeatedfor eat level until the full tree hasbeenconstructed.

This lead us to a cluster organization similar to he onein Figure 1.
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Figure 1: The tree construction algorithm showing how basis vectors are

related for a decompsition in N basisvector to the decomppsitionin N + 1
basisvectors.

2 Getting ClutrF ree and the most recent ver-
sion of this documentation

If you have accesdgo the Internet, the latest versionof ClutrFreeand its doc-
umertation as well as test datasetscan be downloaded from http://bio-
informatics.fccc.edu . ClutrFree(aswell asthis documenation) hasbeen
licensedunder the General Public License(GPL, seethe licensesectionin
the Annex) and is available under the for of a JAR executableand source
code. Treetest datasetsare available on the sameweb site to provide ex-
amplesof the data format usedby ClutrFree. The two rst datasetshave
been created from Bayesian Decomsition (Ochs et al. (1999)) analysis of
the Rosetta Compendium data (Hugheset al. (2000)). One is under the
form of plain BayesianDecomposition output les (seeon the sameweb site
data_demabd.zip ), and the other under the form of plain matrix les (see
data _demageneric.zip ). The third datasetis a Bayesian Decompmsition
Analysis of the Cell cycle data (Cho et al., 1998).



3 Data Preparation

3.1 Fundamen tal Matrices used in the analysis

ClutrFreehasbeenprimarily designedto view and analyzedata from matrix
factorization algorithms sud as Bayesian Decompsition(BD) (Ochs et al.
(1999)) or Singular Value Decomposition (SVD) (Holter et al. (2000)). How-
ewer, visualizing clustersfrom other type of widely employed program (Hier-
archical clustering or Self-OrganizingMaps) is possible. The two rst cited
methods performsa matrix factorization of the data matrix D leadingus to
a pattern matrix P and an amplitude matrix A, verifying

D=AP: Q)
A, P and D are structured as descriked in the Figure 2. Essetially, the
P matrix groups a set of K vectors from RN describing the processthat
underlie the data D and the A matrix quartify the amplitude necessaryto
reconstruct the data from the basisvectors.
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Figure 2: Matrices structures employed by ClutrFreein the caseof Bayesian
Decomposition and Principle Componert Analysis

In the generalcaseof a classicclustering algorithm sud as Hierarchi-
cal clustering or SOM, the A matrix can be viewed as a binary matrix the

menbership of eat studied geneas seenin Figure 3.

3.2 Uncertain ty

ClutrFreetake the uncertainty of the original data under the form of a stan-
dard deviation into account. When available, this uncertainty is usedin the
display and to binarize data: If the data point (either gene menbership,
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Figure 3: Matrices structures employed by ClutrFreein the caseof analysis
from Hierarchical clustering and analogalgorithms

or cluster point) is greater than n , the value 1 is assignedto this point
(member), otherwise,0 (nonmenber).

4 Data Input Format

To useClutrFree, the seriesof experimert from the clustering runs must be
properly organizedon the le systemusing the directory tree organization
from Figure 4 whereeadt experimert is storedin a sub-directory cortaining
tab-delimited les. Those les can have the following formats:

<3_sols> (first experiment)
<4 sols>
___<7_sols>
<8 sols>
<10_sols>(fifth experiment)

<root_directory>

Figure 4: Directory Structure that must be respectedfor ClutrFree: Each Ex-
perimert is storedunder a* _sol directory under the form of a tab-delimited

text les.

Plain tab delimited les (asin data_demaogeneric.zip downloadable

from http:
bioinformatics.fccc.edu as an example): The P and A matrices
are respectively stored as a plain tab-delimited le cortaining only the

numerical values using the extension .pat and the extension.amp.
Their assaiated absolute uncertairties (if they have beencomputed)
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must be storedin the .sgp and .sga les. If The uncertainties are not
available, ClutrFree will usethe value 0 instead, and the binarization
will not be available. This format is ideal to import data from any
program.

Bayesian Decomposition Inference le (see data_demabd.zip as an
example): All the matrices are stored in the inference le generated
by BayesianDecomppsition, including their uncertainty.

The format usedfor the experimert/descriptions is described in the GUI
section.

5 System Requiremen ts and Installation

ClutrFree has beenwritten in java and runs under the Java Runtime Envi-
ronmert(JRE) version 1.4 from Sun Microsystems. Therefore, all the plat-
forms such as Linux, Solaris, etc... currently supported by the Java dewel-
opmert team can be used. The JRE can be downloadedfree of chargefrom
http://java.sun.com . The JAI (Java Advanced Imaging) version 1.1.2
must be alsodownloadedand installed to enableTIFF graphicsexportation
(seethe JAI websiteat http://java.sun.com/products/java-media/jai ).
You might also needto get a copy of the Bayesian Decomsition binary
from http://bioinformatics.fccc.edu , but ClutrFree can usedata from
any clustering program if properly formatted. ClutrFree (downloadablealso
from http://bioinformatics.fccc.edu ) itself comesasa JAR le for con-
venience.

6 Using The Program

6.1 Launch ClutrF ree

Under Linux and Unix, ClutrFreeis launched by issuingthe commandline:
$ java -jar clutrfree.jar
The program acceptalsothe syntax

$ java -jar clutrfree.jar <directory>



with <directory> being the directory root of the experimerts to analyze.
On other platforms a double-clik on the jar le will launch the program.
If you run the program from a text terminal, various informations on the
annotations les anddata les aredisplayed. From other platforms, a double-
click on the jar le will launch the program.

@ ClutrFree e ® I
File View

Figure 5. Main Window Of ClutrFree

6.2 The GUI Explained

At The rst start of ClutrFree, an empty window appears (see Figure 5),
unlessthe data directory has been given as an argumert. From this win-
dow, the data can be imported using the meru [le][Import Data...] The
root directory of the experimert hasto be chosenwith the dialog box (for
instance "data _demabd"). Oncethe data have beenloaded, ClutrFree dis-
play a con rmation message. Once aknowledged, ClutrFree display tree
windows: The rst oneis the main window that display the currert cluster
with its assaiated uncertainties, and persistence.The secondand third one
display respectively the Cluster TreeWindow that aidsthe navigation in the
Cluster Tree, and the Membership Tree. A click on the [genetable] but-
ton on the Main Window will display the genetable cortaining annotations,
memberships,and ontology courts. The windows are displayed in Figure 6).
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Figure 6: ClutrFree GUI with the Main Window, the Gene Table, and the
Cluster Tree.

6.3 The Cluster windo w

The cluster window (Figure 7) permits the navigation amongthe tree using
the button panel, the adjustment of the binarization cuto and the display
of the current cluster. It has a complex graphicsdisplay grouping most of
the clustersrelated informations in onesingleresourcethat is detailed below.
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Figure 7: Main Window Of ClutrFreewith data loaded

Eadh cluster point (Figure 8) is plotted alongwith the following informa-

tion;

Values,Uncertainty.

The point is painted in blue if considereda menber, or yellow for a

nonmenber.

The upper value is the persistene measureand the thicknessof the
blue rectangleis proportional to this persistence(seeFigure 11.

Ead point is annotated with a string, and a color annotationsif hier-
archical annotations are provided (seesectionon the le formats).
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Figure 8: Cluster Stem Plot

6.4 The Gene Table

The Genetable can be accessedby the [GeneTable]button from the cluster
window. As seenin Figure 9, the genetable shows essetially the menber-
ship of ead genefor ead cluster as well as advanced annotations to help
the researber to nd coherem group of genes. The information displayed
dependsessenally onthe annotationsprovided in the annotationsgenesles
descriled hereafter.
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Figure 9: This is the genewindow with all its majors componerts. The gene
IDs and their annotationsortologies, the tool bars, the ontology courting

table, and the navigation arrows. 10



The genemenbership are displayed as a seriesof valuesin a table, eath
cell being plotted asa yellow bar. If the geneis consideredasa menber, the
badground will be highlighted in white, otherwise,the badkground will be
setto white, asseenin the Figure 10.

3 clusters 3 clusters

P Rl BN
| I |

Membership related to each cluster Persistence reated to each cluster

Figure 10: Magni cation on the genemembership sectionof the GeneTable.
In this example,the current geneis a member of the cluster 1 and 2. Its
persistences greaterin cluster 1.

Along with the genemenbership are plotted the persistene values. We
de ned as persisten@ the measuremeh of a geneto belongconsecutiely to
the sametree branch. This is illustrated in Figure 11. The upper tool bar
of the Gene Table (Figure 9) permits the ltering of the genesthat do not
meet a certain level of persistenceant thereforethat are not stable along a
tree brand.

On the bottom part of the geneswindow, ClutrFree displays a table of
Ontology courts (if ontologies are provided) constructed by the following
method (seeOchs (2003)):

For all patterns, ClutrFree determinesthe number of geneswithin the
pattern assignedo eat geneontology term and comparethis to the number
of genesassignedo the term within the full data set. In order to avoid false
enhancemeh due to only a few genesbeing assignedto the GO term, it is
possibleto eliminated all terms represeted by lessthan a certain number
genesn the data set. We computedthe enhancemenof the term within the
pattern usingthe formula

GO =N TOTAL

_ patt patt
Enhancement= N GO o TOTAL (2)
data data

wherethe numerator givesthe normalizednumber of geneswith the GO term
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Figure 11: Principle of the persistencemeasure.

in the pattern, and the denominatoris the normalized number of geneswith
the GO term in the full data set.
Next sectionsdescritesthe les necessaryto store this annotation data.

7 Annotation

7.1 Experiment Annotation File

The experimert annotation can takestwo forms:

For simple namesdescription one can use a single row tab-delimited
le describingead singleexperimert storedin <root>/expnames.txt
formated as follow:

expnamel expname2
For more complexesxperimert annotationswith color scheme,onecan
usea tab-delimited le storedin <root>/expannot.txt formatted the

following way (hipath meaning\hierarchichal pathway", and String
being arbitrary.):
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7.2

ID:string hipath:string hipath:string

expnamel [|:Main Class 1 1.1:Sub Class 1
expname2 |:Main Class 1 1.1:Sub Class_1
expname3 [|:Main Class_1 1.1:Sub Class_1
expnamed [l:Main _Class 2 1.1:Sub Class_1

will leadto the graph shown in Figure 12. ("String” can be arbitrary
xed by the user. For The color shemeto be created by ClutrFree,
the rst classmust be in roman number.

—— Annotation

<—Hierarchichal Annotation

Figure 12: Example of cluster graph annotation

Gene Annotation File

The possibleannotations "objects” that have beenimplemerted sofar, are
the following: (The string in bradketsis the headerto be usedin the descrip-
tion le).

[ID], or identi ers, sudr asUniGene,or any short strings to idertify the

genes.If multiple IDs are used,only oneat a time is displayed by the
program.

[Desc] or Descriptions, are plain string without particular structure or
vocabulary.
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[Path], or Pathways, are a seriesof string describingan ontology. The
ontology hierardhy is not presen in the IDs. The ontologiescan takes
many forms:

{ Thetemplate de ned by the GeneOntology Consortium (seeAsh-
burner et al. (2000)):
"GO:number- Description”

{ A similar template to the one de ned by the Consortium:
"number:description”

[Hipath], or \hierarchichal pathways" are alsoa seriesof string describ-
ing an ontology, but with the hierardy information enbeddedin the
IDs:

{ A hierarchical form sud as
"11.2.4b:Description”
In this case,the hierarchy (11.2.4b  beinga sub-classof 1.2  be-
ing a sub-classof 1l ) is takeninto accoun and a color schemeis
usedto display the ontologies, improving considerablythe read-
ability. An exampleof sud an ontology is givenin gure 13.

{ A hierarchichal form sud as "ll.2.4b:Description" , identical
to the previous case,but having multiple functions at the same
level. The color shemeis also supported.

{ The form usedin the Ecocyc (Karp et al., 2002)databasesud as
"metabolism BC-1" is also supported. In this case,a genecan
alsohave multiple functions, and the color schemeis implemerted
aswell. An exampleof sud an ontology is givenin gure 14.

The genesannotations are stored into two les:

The IDs, descriptions,and ontologiesare stored in <root>/annot.txt
asfollow. The le headeridentify the data type usedin the annotation.
The genesmust be in the sameorder than in the membership matrix.
For instance,a le formatted like this ("Ecocyc"”, "class tub" being
arbitrary strings)

ID: blattner ID: tub Desc: Ecocyc hipath:class tub  hipath:class tub  hipath:class tub

b3702 Rv0001 DNAbiosynt. Il:metabolism IILA:macromol. 1LA.5:

will leadto the display seenin Figure 13.
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Figure 13: Example of geneannotation: The full ontology description ap-
pearsasa tooltip.

Choice of labels

t J

C X I )
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Figure 14: Secondexampleof geneannotation where genesare described by
multiple functions. The full ontology description appearsasa tooltip.

Alternativ ely, Ontologies can be stored in <root>/ontology.txt in
the format de ned by the ASAP (Automated SequenceAnnotation
Pipeline, seeKossenkv et al. (2003)). The format is the following
(The le is tab-delimited).

gene_1 Ontology_1 Ontology 2
gene_1 Ontology_1 Ontology 3
gene_2 Ontology_1 Ontology 2 Ontology 3.

With ead ontology being de ned as previously The main advantage
hereis that the genescan be in any order and the samegenewith the
sameontology can appear se\eral times.
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7.3 Menus

This section summarizedthe merus of the GUIl: The merus from the main
window are the following:

[File][lmport Data] givesaccesdo a le dialog box that allow the selec-
tion of the root directory cortaining the data.

[File][Exprt Pattern Tree]brings up a dialog to export the pattern tree
in a picture (JPEG, PNG and TIFF are the supported formats), or in
a vector (SVG format, importable in Adobe lllustrator c), or in the
Graph Description format Dot usedby the Graphviz padkage(made by
AT&T). This padkage allows cornversionto various formats, including
Adobe Postscript C.

[File][Exmrt CurrentGraphicsprings up a dialog to export the current
displayed pattern in a picture (JPEG, PNG and TIFF are the sup-
ported formats), or in a vector (SVG format, importable in Adobe
lllustrator c).

[File][About] brings up an about box with the author namesand version
number.

[File][Exit] exits ClutrFree.

[View][Stem]is the default view mode, usablewhen cluster points are
independers.

[View][Plot]setthe view asa classicplot (similar to atime -seriesview).

The merus from the genetable are the following:

[File][Export MembershipTree] export the Membership Tree the same
way that the Pattern Tree can be exported (see[File][Export Pattern
Tree).

[File][Exprt MemkershipMatrix] exports the membership matrix along
with the genelDs into a tab-delimited le.

[File][Export GenelList] exports the genelDs list into a tab-delimited
le.
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[File][Exprt Enhancementable]exports the genecourting table.
[File][Closeklosesthe genetable.

[Action][ClusterBinay Table] sorts the genetable according the the
binary valuesof their membership.

[Action][Se&ch Value Table] seard the annotations of the main table
for a matching string in the data.

[Action][Seach OntologyTable]seard the ontology table for a matching
string.

[Windaw][ViewThe MemkbershipTree]re-open the membership window.

[Persistence][Calculatesh MembershipTree] Computesthe persistence
on the membership tree.

[Persistence][Calculateoin Pattern Tree] Computesthe persistenceon
the pattern tree.

8 Licensing

ClutrFree and its documertation has been copyrighted under the General
Public License(GPL, seedetails at www.gpl.org and in the LICENCE.txt
le distributed with the sourcecode). That essetially meansthat everybody
is free to use ClutrFree, modify its sourcecode and distribute it on a free
basis, as long as the original authors namesand institution are granted. It
is strictly forbiddento prevert other from distributing it on the samebasis.

9 History

9.1 This Documentation
25 Sep2003First Releasg(Version1.0)

06 Jan 2004 This ReleasgVersion1.1)
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9.2 ClutrF ree Code
(SeeHISTORY.txtin the sourcetree for details)

23 Sep2003: Version1.0 released.
16 Oct 2003: Version1.01
06 Jan 2004: Version1.1
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