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Use Orange
functional ge-
nomics widgets
to:

e View gene ex-
pression pro-
files;

e Visualize mi-
croarray data
using heat
maps;

e Find your
genes on the
genome;

e Browse
through gene
ontology, find
which func-
tions are char-
acteristic for
a specific
group of
genes;

Combine them
with other Or-
ange widgets
for clustering,

supervised
data analysis,
ond data visu-
alization;

Functional Genomics

Orange and Orange Widgets

Orange is a gen-
eral purpose ma-
chine learning and
data mining suite.
For machine learn-
ing researchers, it
provides a flexible
platform for devel-
opment of new
data analysis algo-
rithms through
Python scripting.
For data miners, it
offers a versatile
component-based
graphical user’s
interface that fea-
tures visual pro-
gramming and
high degree of
interactivity.

About this

This catalog pre-
sents widgets that
we have build to
address some data
analysis and visu-
alization tasks in
functional genom-
ics and microarray
data analysis. The
widgets included
in this set are:
gene expression
viewer, heat map

Orange Widgets
are basic blocks
that can be put
together by means
of visual program-
ming to design
powerful data ex-
ploration applica-
tions that fit one’s
needs. Widgets
communicate,
pass tokens that
include data, at-
tribute lists, mod-
els, etc. to each
other, and often
allow interactive
selection of data
subsets that are
passed on to other
widgets for further
analysis.

Catalog

visualizer, gene
ontology browser
and genome map.
The catalog is a
user’s guide to the
widgets, with the
aim of giving an
outline of the
functionality.

Widgets are build-
ing blocks of data
mining applica-
tions we call Or-
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ange Schemas. For
this purpose, the
catalog also pro-
vides some ideas
on how to com-
bine widgets into
typical and less
typical schemas.
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Heat Map

Input: Examples

Output: Examples,
Classified Examples

“Interactive
gene subset
selection is a
powerful
mechanism for
data exploration,
but requires
another widget
to intercept the
output token and
display the

data.”
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Heat Map Widget

This widget dis-
plays gene ex-
pression profiles

Settings lFi\ler I Info 1 Files ]

Cell Size [Fixels)

ﬂ Qt Heat Map Q|E|E|

heat shack pratein

heat shock cognate 90 kd protein [d. discoideumn]

heat-shock cognate protein 70; hee?l [dictyostelium discoideun]
hzpb heat shack protein (hec70] [dictpostelium discoideumn]
hac ) heat-shock cognate protein 70 [dictpostelium dizcoideurn]

ddtbp tat-binding protein 1 homolog/ 26z protease subunit homalog
std ubiguitin-conjugating enzyme protein ubce [dictyostelium discoi

roteasome subunit [dictyostelium discoideun]

ideur

std ubiquitin-conjugating enzyme protein ubce [dictyostelium dizcoideurn] | 0313

as heat maps - a ik 10
Height: 15
Commonly used protein degradation
type of visualiza- Gamma
’ 0.8
tion. Several data
sets can be dis- Eelers
I - .
H ribasom) std proteasome subunit [dictyostelium discoideun] | 1.410
played Slde by — std ubiguitin [dictyostelium discaideun] | 0.307
side, which can o
¥ Sort genes

be very useful
when comparing
time series ob-
served under dif-

ferent conditions

|

ribozomal pratein ddi27a [dictyostelium discoideum]
stn ribozomal protein [23a [homo zapiens]
ubiquitin / ribozomal protein s27a [dictyostelium discoideumn]

o

or for different mutants.

One can control the dimen-
sion of generated graphics,
choose the color palette or
select if genes are to be
sorted by the center of their
expression (Settings tab;
when sorted, genes that are
overexpressed early will
appear first in the list, and
last will be those with late
overexpression). When
working with thousands of
genes which do not all fit
on screen, it is reasonable
to merge the expressions
and display a certain num-

ber of genes in a single row
(Merge Rows in Filter tab).

The color palette can
greatly influence the way
we perceive data. The rate
of color transition is con-
trolled by Gamma parame-
ter in the Settings tab. One
can set lower and upper
thresholds for gene expres-
sions to display. Expres-
sions outside this boundary
are colored with the same
minimal or maximal satura-
tion color. All this is done
in the Filter tab.

Input Data, Data Subset Selection

This widget takes one or
many Examples of type
ExampleTable - data tables
containing gene expression
data. Each example (gene)
can be also assigned a
class; in that case, genes of
the same class will be dis-
played in the same heat
map group. An example
snapshot above, for in-
stance, shows genes
grouped within three differ-

ent classes (heat shock pro-
tein, protein degradation,
...). The data may also con-
tain meta attributes, which
can be either displayed for
gene annotation or within a
tooltip.

Click-and-drag over the
heat map would select rows
(genes) of interest. Use
Shift key for multiple, dis-
joint selection. The selected

The parameters in the Info
tab define what attribute to
display for gene annotation
alongside each row and
what information to display
in the tooltip when moving
the mouse over heat map.
Any descriptive, discrete
data from input can be dis-
played, which usually in-
cludes: annotation, gene ID
or gene function attributes.

The Files tab is used to
manage more than one
data input signal.

subset is sent to widget’s
output, and the type Exam-
pleTable (no class informa-
tion assigned) or Classified
Examples (in case where
data selected belongs to
several classes) is used.
Interactive gene subset se-
lection is a powerful way
for data exploration, but
requires another widget to
intercept the output token
and display the data.
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A Simple Schema With

Here is a simple schema
that loads a gene expres-
sion data file by selecting it
in the File widget. The par-
ticular data set we have
used includes genes that
are assigned to different
classes. A heat map is gen-
erated for each class in the
input data. Each gene is
displayed in its own row,
and the widget was in-
structed to display three
gene per row (Merge Rows
set to 3). We selected a row
(three genes) genes from
the “heat shock protein”
and “ribosomal” class. Heat
Map sends the selected data
to the Data Table widget,

Heat Map Widget

which displays the
data received in the

tabular format. Like in
any other Orange

schema, any change
in the selection of the
widget immediately
propagates through
the schema. This effect can
be of value for data explo-
ration when having both
Heat Map and Data Table
widgets visible on the desk-
top.

Combination of two Heat
Maps that we also use in
the schema is particularly
interesting from the view
point of visual program-

. Data Table
File Heat Map . I
Heat Map [2]

ming. It forms an effect we
call a “magnifying glass”.
Genes selected in one heat
map are sent to the other
one, where rows can be
enlarged to observe the
details or particular genes.
This combination may work
particularly well when deal-
ing with hundreds or thou-
sands genes.

gene
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Expression Profiles
Input: Examples

Output: None

Page 4

Widgets for Functional Genomics

Expression Profiles Widget

This widget provides sup-
port for another type of
visualization that is widely
used for display of time
series gene expression pro-
files. Gene expressions are
displayed using a line
graph, where each line
represents the expression
of a single gene in different
time points or conditions.

On its input the widget ac-
cepts Examples of type Ex-
ampleTable. Only the con-
tinuous attributes are dis-
played; if the data contains
attributes of other types,
these are ignored. The or-
der on the x-axis corre-
sponds to the order of the

3 Qt Expression Profiles
Graph l Settings 1

Dizplay
I¥ Expression Profiles
I~ BoxPlat

Classes

[UnjSelect Al

X

Save Graph |

T T T T T T T T T T T |
=0 =2 =4 6 BB =10 =12 =14 =16 =18 =220 =22 =34

attributes (columns) in the
input data set. If examples
are classified, then one can
select which classes to dis-

play.

Display Options, Zooming

Expression profiles can be
display individually by
checking the Expression
Profiles option in the Graph
Tab. Alternative presenta-
tion is through the display
of an per-group average
expression. These can be
complemented with a box
plot display that provides
the information on the 1st
and 3rd quartiles.

E Qt Expression Profiles
Graph | Settings \

Paint w/idth

Auwerage Profile 'Width

Box Plot 'width

The width of lines repre-
senting the individual or
averaged expression pro-
files, the width of lines of
the box plot and point
width can be set in the Set-
tings tab.

One can zoom to a part of
the graph by mouse left-
click-and-draw the rectan-
gular region to be zoomed.

CEX

Save Graph

[ T T T T T T T T T T T 1
| =0 =2 t=4 t=6 =8 t=101=12 =14 =16 =18 t=20 =22 t=24

This can be repeated on the
already zoomed image, re-
sulting in a larger zoom. A
right click will undo the last
zoom, until the whole
graph is displayed.
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Combination with a Heat Map

The schema we present
here is really simple, but it
is also the one you may use
often. The data read by a
File widget is sent to the
Heat Map. There, we have
selected several genes and
send it to Expression Pro-
files widget. Notice that the
heat shock protein genes
were rather grayish in the

heat map, and their
expression plot is
rather constant and File
around zero. Differ-

ently, the expression of
selected ribosomal genes
drops from ovexpressed
and finishes with underex-
pression, which is both visi-
ble at heat map and expres-
sion profile display.

' —r—r—r

Heat Map

Expression Profiles

) Ot Heat Map

Settings | Fiter | Info | Fies |

Cell Size [Pixels)

Width: 10
Height: 15

protein degradation
Gamma

1.0
Colors
| - .

ribosomal
Sart
v Sort genes

heat shock. protein

heat shock cognate 90 kd protein [d.
heat-shock cognate pratein 70; hec?
hzpb heat shock protein (hac?0] [dict
hzc70 heat-shack cognate pratein 710

ddtbp tat-binding protein 1 homalog/Z
std ubiquitin-conjugating enzyme prot
proteasome subunit [dictyostelium dis
ubpa [dictyosteliumn dizcoideunn]

mitdna nadh dehydiogenase [ubiguin

stn ribosarmal protein 131 [cyanaphara
stn ribosammal protein 58 [zea mays)

fibozomal protein ddl27a [dictpasteliur
stn ribozarnal protein [23a [homo sapi
ubiquitin # ribozomal protein =275 [dic

BEa Expression Profiles
Graph l Settings

Display
¥ Expression Profiles
v Box Plat

Clazses

ck protein

[Un]Select A1

Save Graph | [ T T T T T T T T T T T 1
= B0 =2 B4 E6 8 =10 512 E14 16 18 20 222 24

When
connected,
widgets in
Orange schema
interchange
tokens. For
instance, any
gene selection
change in a
Heat Map
widget will
immediately
propagate to
connected

widgets.
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GO Term Finder

Input: Cluster Ex-
amples, Reference
Examples

Output: Examples,
Classified Examples

B4 0t GO Term Finder

nput | Fiter | Select |

Annotation

dID Dictyostelium discoide v | Browse

Evidence codes in annotation
IMP

IGI

IP1: & annots {5 genes)

1S5: 110 annots (38 genes)
IDA: 43 annots (33 genes)
IEP

|IEA: 1786 annots {1255 genes)
TAS

NAS

ND: 4 annots {4 genes)

IC

<13

L IV B B B B R

~ Reference from
f*  Annotation

" Signal

- GO Aspect

2002312cellular_component. + Browse

 Gene ID Attibute

DDB -
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Gene Ontology Term Finder Widget

When given a set of genes
one may want to determine
the most significant GO
(Gene Ontology) terms
shared by them. Usually,
the significance of shared
GO terms is calculated in
respect to the terms in the
whole genome. In GO
Term Finder, one can select
an arbitrary set of genes as
reference, thus enabling a
group vs. group testing. For
this reason, the widget
takes two inputs of type
ExampleTable: “Cluster Ex-
amples” holds a list of
genes with gene IDs from
the test set, and “Reference
Examples” genes from the
reference set (option
“Reference from Signal”). If
a reference set is not given,
then whole genome is
taken as reference (option
“Reference from Annota-

tion”).

The only required attribute
in input data set is gene ID;
this is automatically de-
tected and selected by the
widget based on the con-
tents of the attribute fields.
If and when needed, one
can choose a different at-
tribute (option “Gene ID
Attribute”). Any other attrib-
utes included in the data
set are not considered; they
are ignored in the presenta-
tion of this widget, and
used only to form a data set
based on the group of se-
lected genes.

GO Term Finder Widget
scans Genomics\GO and
Genomics\Annotation di-
rectories in the Orange di-
rectory (e.g.
¢:\Python\Lib\Site Pack-

ages on Win32) for files
holding GO and annotation
data. These files are listed
in the Annotation and GO
Aspect combo boxes. The
widget determines the most
appropriate GO and anno-
tation files based on gene
IDs present in the input
data. One can also use an-
notation and aspect files in
other locations (Browse
buttons).

Based on the annotation
used, widget lists available
evidence codes; the ones
that are selected are those
that will be used in the
term finder.

Criteria for significant GO
terms are set in the Filter
tab: one can filter GO terms
by p value, minimal cluster
frequency, or GO depth.
Significant GO
terms are then

listed in the table

GO term ‘ Cluster frequency | Reference frequenc] p value | Genes ‘
3 cellular_compaonent 124 1223 1.0000 DDBO0151507, DD... .
B extracelular 5 5 0su  oosowessie pp. | in the lower part
& extracellular matrix 1 10 0.5013 DDBO191526 Of the Widget,
synaptic junction 1 2 0.3704 DDBO151526
extracellular space 2 41 0.9552 DDBO201%01, DD... and the corre-
B cell 118 1167 1.0000 DDB0191507, DD... .
Bl cellfraction 4 59 0.9994 DDB0202971, DD... Spondmg ontol-
membrane fraction 4 53 0.5553 DDBO202571, DD... : :
= Rintracellular 8 8 I DDB0191507, DD... ogy 18 dlsplayed
i ubiguitin ligase complex 1 5 0.6856 DDBO187840 11’1 the tOp tree
- nucleus 27 254 1.0000 DDB0165023, DD... .
- chromosome 1 8 0.3431 DDBO184247 View.
i cytoplasm 81 632 1.0000 DDB0191507, DD...
- cell cortex 1 8 0.8431 DDB015028%
- banucleoprotein complex 7 48 0.5265 DDBO185051, DD...
respiratory chain complex 111 1 [ 0.7506 DDBO187138
= bud 2 7 0.4814 DDB0191155, DD..
bud neck 2 7 0.4814 DDB0191155, DD..
membrane 32 333 1.0000 DDB0185051, DD...
O site of polarized growth 2 7 0.4814 DDB0191155, DD..
site of polarized growth {sensu Fungi) 2 T 0.4814 DDBO151155, DD...
- urlocalized 1 3 0.5005 DDBO186051
pratein kinase CK2 complex 1 3 0.5005 DDBO186051
cellular_compenent unknown 1 4 0.6037 DDBO151187
y
GO term Cluster frequency | Reference frequenc] p value Genes i‘

histone acetyltransferase complex

0.0730|DDB0130283.

DDEI

late endosome

0.0750|DDB0151507,

DDEI

contractile ring (sensu Saccharomyces)

0.2065/DDB0130283

organellar ibosome

D.2D85| DDE0188480

contractile vacuole

I}.2D55| DDE0191124

mitochondrial ibosome

O L ey O oen )
g eyl =gl v O (X

D.2D85| DDE0188480
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Term-Based Gene Selection

Widgets supports the selec-
tion of GO terms in ontol-
ogy graph. The data associ-
ated to the corresponding
genes will be sent to the
output. Corresponding
genes are either those that
are annotated directly to
the term selected, or anno-

tated with the related term
upper in the ontology
(direct or indirect annota-
tion, Select tab). When se-
lecting many GO terms,
one can choose how to
treat genes shared by many
GO terms. One can omit
them (option Disjoint) or

place them in all of the cor-
responding GO terms
(option Inclusive). Option
“Add GO term as new
class” enables one to ap-
pend an additional attribute
to output data, listing the
selected GO terms belong-
ing to individual genes.

Computing the Significance of GO Term Annotation

The significance (p value)
of a GO term is calculated
using the binomial distribu-
tion. If G is the number of
reference genes annotated
(directly or indirectly) to a
GO term and N is the total

number of genes in refer-
ence, then the probability
of having x or more genes
assigned to the same GO
term by chance (out of all n
genes in our test set) can
be calculated with the fol-

An Example Schema with GO Term Finder

The schema on the side
shows a basic use of the
GO Term Finder widget.
Notice that a dialog will
appear when connecting
File and “GO Term Finder”
widgets. This is because
File widget outputs Exam-
ples of type ExampleTable,
but “GO Term Finder” ac-
cepts two inputs of same
type (Cluster Examples and
Reference Examples). In
such cases, Orange Canvas
connects the output to all
inputs of same type (in our
case File’s Examples to
both GO Term Finder’s in-

B Ot Set Signals

puts), and then asks the
user to confirm or change
the connections. One can
invoke the dialog at a later
time by double-clicking on
the connection in the
schema.

Since we want to test for
significance against the
whole genome, we connect
to the output of a File Wid-
get Cluster Examples only.
In case we want to use a
specific set of genes for
reference, we can add an-
other File widget to the
schema and connect it to

File

Help

GO Term Finder

Clear All | 0K | LCancel

lowing formula

p= Z[Jf(l

where f 2%.

File

the Refer-

ence Exam-

ples of the

GO Term Finder.

Following the schema, one
first loads an expression
data file by selecting it in
the File widget. After the
significant GO terms are
determined in GO Term
Finder widget, one can se-
lect the GO terms of inter-
est. Only the input data
(expression profiles) associ-
ated with genes annotated
to the selected GO terms
are then sent to the two
subsequent widgets, where
the data are displayed. Se-
lecting different GO terms
causes subsequent widgets
to refresh automatically
with new data.

GO Termn Finder

Heat Map

.,_E,_,_i:,_

Empression Profiles

In designing GO
Term Finder, and
in implementing
its computati-
onal aspects, we
aimed at replica-
ting the functio-
nality of a
popular, similar,
but stand-alone
application at
www.yeastgeno
me.org/help/
goTermFinder.ht

ml.



Genome Map
Input: Examples

Output: Examples,
Classified Examples
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Genome Map Widget

Genome Map widget can
be used to explore the ge-
nomic position of genes
and select a subset of genes
from a genomic region.

The widget accepts Exam-
ples (of type ExampleData),
i.e. the data on genes
which has to include an
attribute with a gene ID; all
other attributes are optional
and are not used in the
presentation of the widget.

To display gene position,
the widget uses species-
specific genome map files
where the genomic coordi-
nates for each gene are
stored. Each time the wid-

& Qt Genome Map

get accepts a new input
data, the most appropriate
map — the one that best
matches the gene IDs — is
selected automatically. User
can change this selection in
the combo box.

If genes in the input data
are classified to different
groups, a coloring is used
to distinguish between
group members. An alterna-
tive presentation is with all
gene positions displayed in
black (parameter “Gene
colors wrt class”). User can
also set a minimum pixel
width when drawing a
gene (parameter “Min.
mark width”).

Region of the genome is
selected by a click-and-drag
over a chromosome. More
than one region can be
selected by holding the
Shift key, when selecting
the next genomic region.
The selected area is colored
gray and only the input
data with selected genes
are sent to the output.

A region of the genome can
be zoomed by a click-and-
drag outside of chromo-
somes. A right click will
bring the display back to
the previous zoom, until
the whole genome image is
shown.

— Graph Options
Min. mark width: = | | 20

¥ Gene colors wit class

Genome Map -
discoideum gene locitab  «|  Browse
- Gene |D attribute -
DDB =z

Chromosome 1

[T LTI [T ]
oM

oM

oM

oM

oM

2Mm 4M
Chromosome 2
| 1T MO TT1 1 L1
5M
Chromosome 3
AT T IT I T 11100 1
5M
Chromosome 4
[T 1T 11T I
i} 4M
Chromosome 5
[ TT0 Ty TIT 1] irm
2Mm 4M
Chromosome &
[T THNTIT
i}

[
oM
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An Example Schema with Expression Profiles

The schema on the right widgets. In the Genome
loads gene expression data Map widget we zoom to a
using the File widget. In the  region, where we select

=

—r—r

Erprezzion Profiles

GO Term Finder we then two genes (the gray area).
select several significant Their expression data is
GO terms, and the associ- displayed in the Expression
. . . . File G0 Temn Finder
ated input data is then Profiles (2) widget.

Genome Map  Expression Profiles [2)

passed to the Genome Map
and Expression Profiles

& ot Genome Map (=3
(s = Chromosome 1
Min. mark width: = | | 20
V¥ Gene colors wrt class 25M 30M
— Genome Map T Chromosome 2
discoideum gene locitab v |  Browse
- il 25M 3.0M
Gene |D attribute
DDB - Chromosome 3
25M 3.0Mm
Chromosome 4
25M 3 0M
i3 pre p
Graph | Settings l 25
Pairt Width 2
—] )7 2
I AR AR 15
Profile Width
y 1
Average Profile Width 05
— o
I SRR 0 i
Box Plot Width i
. -0.5
L T T T T T R | 2 =
= |
-1.5
Save Graph ‘ T T T T T T T T T T T T 1
= Ohr  2hr  4hr  Ghr  8hr 10hr 12hr 14hr 18hr 18hr 20hr 22hr 24hr




“Apart from
tab-delimited
data with
header rows,
Orange recogni-
zes a number of
other data file
formats. They
are all listed in
the on-line
reference
manual availa-
ble on the
Orange’s web
site or in the
documentation
that comes
with Orange

installation.”
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The Data

Orange widgets for func-
tional genomics use several
sources of information, in-
cluding a user-defined data
set and information on
gene annotation, gene on-
tology and genome map
files. Let us consider first
the input data set. For Ex-
pression Profile and Heat
Map widget, the main part
of the data includes the
information about gene
expressions, and may addi-
tionally include the infor-
mation on gene ID and
gene groupings
(classifications). Informa-
tion on gene ID is neces-
sary if we want to combine
these two widgets with GO
Term Finder or Genome
Map.

Let us look at the example
data file. The snapshot be-
low shows a small data set
as edited in Excel spread-
sheet. It includes 11 genes,
of which each expression
was measured at 5 different
time points. The first row is
how we tell orange what
attribute names are. The
first five attributes are gene
expressions, and their

names correspond to time
when the expression was
measured. Following is an
attribute with gene ID (a
standard ID from
www.dictybase.org is used
here). We did cluster these
genes into two groups, and
the group labels are given
in the next column. The
final column gives some
annotation (think of it for
now as some comment on
the gene, and don’t mix it
with the annotation that
comes from GO Term
Finder).

Two very important rows
follow the first one. The
second row tells about the
type of the attribute, which
can be in Orange, basically,
either continuous, discrete
or string. The third row
contains optional flags,
which tell Orange how to
consider the attribute. For
microarray data, use blanks
for attributes with measure-
ments, that is, for attributes
you would like to show in
the graphs. Meta attributes
are never displayed, but
hold additional information.
In our case, we store gene

] dicty small example.tab

ID and our annotation in a
meta attribute. A class at-
tribute is used to group the
examples (in our case
genes), and widgets that
display such data would
most often present exam-
ples of different classes
with different colors.

What we have shown is a
data set in a ‘.tab’ file; this
is because we store such
data in the files that end
with ‘.tab’. Orange recog-
nizes other data file for-
mats, and for those you
should check the on-line
reference manual.

CEX

A =] © D E G H
| 1 |Ohr Bhr 12hr 18hr 24hr gene id cluster  |annotation
| 2 |continuous continuous | continuous |continuous  continuous  string discrete  string
| 3 | meta class meta
4 | 0.7671 0.9505 -0.4704 -1.4279 0.5051 DDBO167249 1/ metabolism
| 5 | 1.2263 0.7166 -0.13583 -0.6826 -0.3544 DDBO167445 1 metabolism
=N 1.2676 1.1686 0.2319 -0.8947 0.7801 DDBO1E7402 1/ metabalism
7 0.7957 0.4767 0.0403 -0.9451 0.6092 DDBO1ETESE 1/ metabaolism
8| -06151 0.8749 0.4597 0.5336 0.513 DDBEO1EST11 2 metabalism
9 | -0.0402 0.574 -0.0608 0.0414 0.1311 DDBO1686E21 2 metabalism
10 0.7845 0.0258 -0.286 -0.5464 0.2259 DDBO16E7M 1 isocitrate metabolism
|11 ] 0.7479 0.41581 0.3113 0.1602)  -0.0713 DDBO191663 1 protein folding
| 12 | 0.2429 0.4371 -0.8538 -0.6535 -1.1846 DDBEO191096 2 protein faolding
13 0.7087 0.2086 0.8968 0.3686 0.4235 DDB0204297 2 regulation of cell cycle
14 0.0074 0.8727 1.4157 0.4335 01141 DDBO18ESSE 2 regulation of cell cycle
15 R
1 4 b+ Wi dicty small example / >
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The schema on the right is
just to show how such a
data set would look when
examined in the Data Table
widget (a standard widget
that comes with Orange)
and in Expression Profiler.
Notice that in the Data Ta-
ble the class and meta at-
tributes are marked with
different shade.

Notice that Expression Pro-
files widget would look just
the same if we would re-
move the attributes on gene
ID and annotation. But GO
Term Finder would not
function without the for-
mer, and the later can be
additionally painted in the
Heat Map (at a side of each
row). We could explore all
these variants in this docu-
mentation, but we won't. It
is your turn now.

4 0 pre

Data Table

Expresgion Profiles

&

Graph I Settings

Heat Map

El Ot File

- Data File

I dicty small example.tab

7|

— Info

11 examples. 5 attributes, 2 meta attributes.
Classification; Discrete clazs with 2 values.

& Ot Data Table
Ohe Ehr 12k 18hr annotation
1 07671 0.9505) -0.4704| -1.4279 DDBO167249 | metabolism
2 1.2263 0.7166) -0.1353 -0.6626 -0. DODBO167445 | metabalism
3 1.2676 1.1686) 0.2319] -0.8947 DDBO167402 | metabolism
4 07957 0.4767 0.0403 -0.94&1 DDBO167538 | metabalism
5 06151 -0.8749 04597 05335 DDBO165111 | metabolism
[ -0.0402) -0.5740) -0.0806 0.0414 DDBO168621 | metabalism
7 07848 0.0258) -0.2860] -0.5464 DDBO168731 | isocirate metabolism
3 07479 0.4181) 03113 01609 -0 DDBO191683 | pratein folding
3 0.2429 -0.4371 -0.8938 -0.6535 - DDB0131096 | protein folding
10 | 07087 0.2086 0.8986) 0.3686 DDBO204297 | regulation of cell cycle
11 | 0.0074 -0.8727 1.4157| -0.4335 -0 DDBO186538 | regulation of cell cycle

- Display

V' Box Plot

¥ Expression Profiles

=
m

- Classes

Settings IFiItel I Infa I Files I

i Cell Size [Pixels]

Widthy || 15
Height ————— [| 15
— Gamma

—| 10

—Colorg ————————
| -

Sot—
’7 ¥ Sort genes ‘

protein folding | 04181
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protein folding
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pratein folding
regulation of cell eycle
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metabiolisrn
metabolisrm

=
m
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o
| I I ARSI AT
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Orange widgets
for functional
genomics
already come
equipped with
the latest data
files for s.
cerevisiae and
D. Dicty-
ostelium. To
update the data
or prepare it for
other
organisms,
follow the
steps
mentioned on
these pages. If
this is too hard,
contact us and
we will be
happy to
provide you the
information
files for your

data sets.
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Widgets for Functional Genomics

Gene Ontology, Annotation and Genome Map Data

Two widgets, namely gene
ontology term finder and
genome map, need also
other information besides
input data from the user to
function properly. GO
Term Finder widget, for
instance needs gene ontol-
ogy and gene annotation
data. Genome Map, on the
other hand, needs to know
how to map genes to the
genome, i.e. use gene 1D
information and obtain

chromosome coordinates.
These data sets change fre-
quently due to new up-
dates and are for gene on-
tology and annotation avail-
able at
www.godatabase.org. The
mapping is, of course, spe-
cies-specific; for instance,
gene positions for yeast can
be found at
ftp.stanford.edu/pub/yeast/
data_download/
chromosomal_feature/

Preparing Gene Ontology Data

Latest Gene Ontology data
can be downloaded from
www.godatabase.org/dev/
database/archive/latest/
20_YYYYMM-termdb-
tables.tar.gz. Here, YYY-
YMM is the version date.
To convert such a file to
the data file used by Or-
ange, decompress the file
in the Orange-
Widgets\Genomics directory
in Orange installation direc-
tory (on Win32 this would
normally beat
C:\Python\Lib\site-
packages\orange). This will
create a go_YYYYMM -

termdb-tables subdirectory.
Use shell (on Win32 use
DOS shell), set your direc-
tory to Orange-
Widgets\Genomics, start
Python (just type “python”
in the command shell), and
once in Python type:

import GOlib
GOlib.txtGO2pickle\
(‘YYYYMM’, “./GO")

This will output some basic
statistics and will create
three new files in the /GO
subdirectory, one for each
GO aspect: YYYYMM-
biological_process.go, YYY-

chromosomal_feature.tab.

Here we give short instruc-
tions on how to transform
the needed data into a for-
mat that can be used in the
GO Term Finder widget,
and we also discuss on the
format of the data file that
stores the mapping from
gene ID to the genome co-
ordinates.

YMM-cellular_component-
.20 and YYYYMM-
molecular_function.go. Of
course one can instruct the
procedure to create the files
in a different location, but
the advantage of putting
files in the ,/GO subdirec-
tory is that the GOTerm-
Finder automatically makes
them available for selection
in the combo box. Files
elsewhere must be opened
by the “Browse” option.
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Preparing the Annotation Data

While the GO data is a sin-
gle description of gene
products that can be ap-
plied to all species, the An-
notation data is species
specific. A list of all species
is available at
www.geneontology.org/
GO.current.annotations.sht
ml.

Similarly as for GO data,
place the uncompressed
annotation file in the or-
ange\OrangeWidgets\Geno
mics directory (e.g, for
yeast you would download

the file
www.geneontology.org/cgi-
bin/GO/
downloadGOGA.pl/
gene_association.sgd.gz
and decompress it into
gene_association.sgd).
Then start Python in the
OrangeWidgets\Genomics
subdirectory of the Orange
installation directory, and

type:

import GOlib
GOlib.txtAnnotation2pickle
(‘gene association.sgd’,#
‘./Annotation/Saccharomyces
cerevisiae.annotation’)

Data Format for Gene Genomic Position

Genome map files should
be stored in the /Genome
Map subdirectory. The files
use the syntax of Orange
data file, and a typical com-
position is shown in the
example data table below.
This, for convenience of
this example, includes only
information about two
chromosomes and four
genes.

As other Orange data files,
the first three rows are
needed by Orange, they list
attribute names (genelD,

2 chromosomes.tab
A

B c

chromosome, start, stop)
and types (string, discrete,
continuous). In the first few
lines of the data we then
define the chromosomes
(Excel rows 4 and 5). The
chromosome name, as it
will be displayed in the
Genome Map widget, is
given in the first column,
followed by a chromosome
ID number that will be
used in all subsequent ref-
erences to the chromo-
some, a starting position
(this must be zero) and the

genelD chromosome | start
string discrete

Chromosome 1
Chromosome 2

continuous

stop
continuous

0 230210
813140

This will create a new file
in the /Annotation subdi-
rectory. Be careful not over-
write an existing version
you might still need.

chromosome length.

In the subsequent lines, we
state the genomic position
of all genes. These rows
start with a gene name,
followed by an ID of a
chromosome where the
gene is located, and two
location numbers, the start-
ing and ending position of
the gene.

0
151170
143711

158930
147535
134334 136892
232440 235934

44 » ] chromosomes / | < | #|

@ 0] ~| | o oo |~

=
el
[%2]
e
[ P N Y

<
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Other Orange Widgets, and Do You

As Orange is a general pur-
pose data mining suite, it
includes a number of other
widgets, none of which is
specialized for functional
genomics. And of course
you may need them to ana-
lyze your data further. In
fact, we have already met
two very useful and simple
Orange widgets: the File
widget for loading in your
data, and Data Table wid-
get to display the data in
the tabular form. Here we
just briefly mention some
other widgets that may

come handy.
oo

For the rest,

please visit
Attribute Statistics Orange’s web
site and

download the

Data Table

documentation on widgets.
You may also run Orange
Canvas, and simply experi-
ment with widgets listed in
the toolbar — Orange will
allow you to connect only
the widgets that share com-
patible communication
channels, so you really can-
not go wrong in crafting
your data analysis scheme.

There are several widgets
that may be useful when
analyzing microarray data.
For instance, consider a
schema below. We have
used it to analyze the data
gene expression data set on
budding yeast S. cerevisiae.
The data includes 79 differ-
ent DNA microarray hy-
bridization measurement

Qt Attribute Statistics

Need Them?

experiments. Each gene in
this data set is classified to
one of six functional
classes. This data has been,
among others, studied by
Brown et al. (PNAS 97:
262-267, 2000) to figure out
if one can predict the func-
tional class from expres-
sional profile. In our data
set presented here, we only
use those on respiration (30
genes), cytoplasmic ri-
bosomes (121 genes), pro-
teasome (35 genes). An
interesting scatterplot for
this data set is shown be-
low. In the scatterplot, we
have selected a group of
genes, displayed it in the
table and expression pro-
filer, and computed some
basic statistics for attributes.

Attributes

i spo- mid

cdc

jm ede15 230 Values
L= cdcl5 250
- ] cdel5 270 Ll
Expreszion Profiles cdcl5 230
spo 0
3po 2
spo 5
DEX o
= 0.20+ 0.09 mean
0.1
* -0.25
- g A "
M
vt e e 034
. N = '
-
o . ¢ j 14 total values
. 14 distinct values
-
b Ot D b
*
LI 3| diau ¢ | diaud | diau e | diau f | diau g | function | gene
LR 1 8 0.090 0.033 0035 0213 -0.009 YGR207C
* *
AP . *e 2 19 -0.072) -0.038 -0.146 -0.038 0110 DROBSC
+ & A 3 0 0127 0053 0072 0206 0.201 YDR298C
¢, * - : . 0+ 4 |5 0.014 -0.020 0.035 0180 0.226 ‘rLR038C
. .:. o t . 5 9 0.042 003 0149 0181 0.204 YPLO7EC
*
&f o’ + * . 6 |F 0.083 0032 0151 0.225 0269 DRITAW
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2. . 8 7 0.033 0060 0.086 0.285 0136 DLO04w
:‘ M + 9 [1) -0.053 -0.042 0.015 0303 0254 vKLOTEC
10 19 0.034 0089 0.078 0313 0172 “rL16EW
11 f6 -0.015 -0.035 0.059 0121 0,101 YPL2FIW
-0.5 -04 -03 -02 -04 0 01 02 03 04 04 12 |1) -0.007 -0.022 0.011] 0.067 -0.031 “rKLT 80w
diau g 13 17| 0.047 7 0.047 0195 0,185 YGR183C
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Here is another example
schema. It involves k-
means clustering. Notice
that clustering in Orange is
simple: connect a clustering
widget to a source of data,
and returned is the data
plus a class attribute, which
equals to the ID of a clus-
ter. For the screenshots we
have used 800 gene expres-
sion profiles as measured
during the development of
D. Discoideum (N. Van
Driessche et al., Develop-
ment, 129, 1543-52, 2002).

&} Ot K-Means Clustering

Notice that heat map and
expression profiler nicely
show different classes of
genes as assigned by clus-
tering.

(%

File

K-Means Clustering

Expression Profiles

ltems | Fitness | BIC

— Number of Clusters ——— D
K [———130 |1 1| 127 o408 178706
~ Distance Measure 2 2| 528 D325| 6984.12
[Eacidean = |13 3| 145 0424 204143
4 |Total | 300 0356 1121776
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Further Reading

Curk T, Demsar J, Xu Q, Leban G, Petrovic U,
Bratko I, Shaulsky G, Zupan B (2004) Microar-

ray Data Mining with Visual Programming, Bio-

informatics, submitted.

Demsar J, Zupan B: Orange: From Experimental

Machine Learning to Interactive Data Mining,

White Paper (www.ailab.si/orange), Faculty of

Computer and Information Science, University

of Ljubljana, 2004.
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Orange Functional Genomics Team

Orange widgets for func-
tional genomics are a result
of our collaboration with
Departments of Molecular
and Human Genetics and
Biochemistry and Molecular
Biology at Baylor College
of Medicine, Houston, TX,
and Jozef Stefan Institute,
Ljubljana, Slovenia.

A number of people that
specialize either in biology
and genetics or in computer
science participate in this
project. The team at Univer-
sity of Ljubljana includes
Tomaz Curk, Blaz Zupan,
Janez Demsar, Gregor
Leban and Peter Juvan,

who specialize in data min-
ing and visualization. Wid-
gets for functional genom-
ics were crafted in collabo-
ration with biologists Gad
Shaulsky, Nancy Van
Driessche, Qikai Xu
(Baylor) and Uros Petrovic
(J. Stefan Institute). We here
also acknowledge the sup-
port and help from other
our colleagues from the
participating institutions.

Widgets for functional ge-
nomics presented in this
catalog live in a data min-
ing environment called Or-
ange. The development of
this comprehensive data

analysis suite has started in
late 1990s by Janez Demsar
and Blaz Zupan, and has
since involved a number of
people from different
places around the world.
See Orange’s web site for
updates, documentation,
installation packages, and
acknowledgements to par-
ticipating researchers, insti-
tutions and granting agen-
cies.
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