COMPSTAT 2004 Symposium © Physica-Verlag/Springer 2004

GENEGOBI : VISUAL DATA ANALYSIS AID
TOOLS FOR MICROARRAY DATA

Eun-kyung Lee, Dianne Cook, Eve Wurtele, Dongshin
Kim, Jihong Kim, and Hogeun An

Key words: Data visualization, Gene Expression data, GGobi, Metabolic
networks, Multivariate data analysis.

COMPSTAT 2004 section: Statistical software.

Abstract: GeneGobi is a software for the exploratory analysis of microar-
ray data and metabolic networks. It helps biologists analyze the connections
between microarray data and metabolic pathways visually and interactively.
This software is built on the best of open-source statistical analysis soft-
ware, R, and the best of open-source data visualization software, GGobi.
GeneGobi combines the advantages of these two softwares and provides a
“user-friendly” interface to the analysis and graphical tools available in these
powerful packages.

1 Introduction

Microarray experiment generate huge data sets. Current software provides
only limited way to look at microarray data and there is no available software
that combines visualization and analysis of metabolic networks. GeneGobi
is developed for exploratory analysis of microarray data and metabolic net-
works. It helps biologists explore patterns in gene expression data. With
this software, biologists also can explore the regulatory and metabolic path-
ways. This software is originally designed for Arabidopsis and analyze the
connections between microarray data and metabolic pathway of Arabidopsis
visually and interactively. However it can be used for general gene expression
data analysis connected to pathways.

The software is built on the best of open-source statistical analysis soft-
ware, R, and the best of open-source data visualization software, GGobi. R
is the package that the major statistical analysis packages are being devel-
oped in today, for example, BioConductor, which is used heavily for gene
expression data analysis. GeneGobi provides a “user-friendly” interface to
the analysis and graphical tools available in these powerful packages.

2 GeneGobi

GeneGobi is a visual data analysis aid tool for microarray data and metabolic
networks. It is based on R and GGobi. R is an open source statistical anal-
ysis software and there are many contributed statistical analysis packages in
R. Also packages for gene expression data analysis are available (e.g. Bio-
conductor).
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GGobi is an interactive and dynamic data visualization system for mul-
tivariate data. It is able to use in R (Rggobi package). GGobi allows the
user to explore multivariate data using bar charts, scatterplots, 3D rotating
plots and higher dimensional rotations (unique to GGobi), profile plots. The
user can interact with each plot by brushing points and lines using different
symbols and line types, and these actions simultaneously change elements
of other plots as appropriate. The linking between plots is fast and can be
sophisticated, using selected columns in the data as the key to graph ele-
ments in different plots. This is different from virtually all other packages.
Elements of the plots can also be identified with user-provided labels, or by
selected columns in the data.

GGobi can also display metabolic networks. Users can read in a layout
from another package such as FCModeler, and interact with the network by
brushing nodes and edges and identifying nodes or edges. Elements of the
network can be linked to other types of data displayed in other plots. For
example, where we have identified the LocusID of the gene responsible for a
particular entity in the network this provides a key to link to gene expression
data.

There are a couple of drawbacks in R and GGobi. To analyze gene ex-
pression data or develope new methods, we need to write code in R and it is
not easy for a naive user. Another one comes from huge data. Usually gene
expression data has thousands of genes. In stand-alone ggobi with thousands
of genes, it is not easy to bush or identify a few specific genes. In Rggobi, we
can control gene by gene and it also needs to use code in command line.

The main purpose of GeneGobi is to help biologist explore patterns in gene
expression data and the regulatory and metabolic pathway. It helps analyze
the connections between microarray data and metabolic pathway visually and
interactively. It also can combine statistical analysis results with interactive
plots to improve the analysis.

GeneGobi provides a user-interface to both GGobi and R. It adds a
spreadsheet to more information about each gene, links to literature from
the Web, menus of analysis and visualization options and an interface to lists
of selected genes created from expert knowledge or previous analyses. We
can brush selected genes from this spread sheet using color buttons.

We give an overview of GeneGobi by summarizing main GUI, menu bar
and buttons. For demonstration, we use gene expression data of Arabidopsis.
This experiment uses two different genotype(WT and ACL) at 5 different
time points. We also considered a hypothetical jasmonic acid network to
show how gene expression data analysis and network analysis are combined
with GeneGobi.

2.1 Main GUI

Main GeneGobi GUI has a lot of features. Gene Information provides a
lot of information about genes. It should be provided by user. In this Gene
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Information, user can select genes that need to be analyzed. Chip List
provides a list of experiments. We can choose interesting experiments for
future data analysis. Exp.info button shows the experimental information,
such as genotype, time, treatments, etc. for each experiment. This infor-
mation is useful for advanced statistical analysis. Gene List show a list of
cluster that can be well-known one or user-defined one. When one cluster in
the gene list is selected, genes in this cluster are changed to “Red” and the
other genes are changed to “Gray” in GGobi plot. In the Gene Information
spreadsheet, genes in this cluster come up to the top list and the name of
this cluster shows in the Gene List column.
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Figure 1. Main Window of GeneGobi : Menu bar is on the top. Chip
List(experiment name) and Gene List(user defined) is in the left side. All
the information about genes are in the right side. There are also color control
buttons at the bottom of the right side.

2.2 Menu
2.2.1 File
e Read Files : read files that need for data analysis

— Gene Expression : read gene expression data. It should be the
normalized data in text mode(tab limited or comma separated)

— Gene Information : read gene information file that contains affy
id, locus id, tail.annotation, go.annotation, etc. At least, you need
to have locus id.

— Network : use SBML

— Gene List : read user defined cluster file. It should have cluster
name and a list of genes in text mode.

— Experimental Information : read experimental information file. It
contains genotype, replicate, time, treatments, etc.

o Exit
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2.2.2 Graphics

e Open GGobi :
least gene expressionand gene information data).

Before you choose this menu, you need to load data(at

— with Gene Expression : Only if you want to analyze gene expres-
sion data alone.

— with Gene Expression + Network :

2.2.3 Analysis

e Compare Genotype : Before you choose this menu, you need to select
at least two chips with different genotypes from Chip List.

— Correlation : Calculate the correlation between two genotypes.In
the Gene Information spreadsheet, genes are sorted by this corre-
lation in descending order.

— Covariance : Calculate the covariance between two genotypes.In
the Gene Information spreadsheet, genes are sorted by this covari-
ance in descending order.
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Figure 2. How to use “Compare Genotype” menu : 1) Choose the
first replicates of two genotypes, WT and ACL from the Chip List. 2)
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Choose Compare Genotype — Covariance 3) gene 15695_s_at(yellow)
is the most different gene between WT and ACL according to this co-

variance

e Find Interesting Genes : Before you choose this menu, you need to select
two chips from Chip List. After calculating measures, new measure is
added to GGobi and genes in the Gene Information spreadsheet are

sorted by this calculated measure.

File Graphics Analysis  Sort

— Difference : Fit Y = X for two selected experiments from Chip

List and calculate the residuals. Genes are sorted by the absolute
values of these residuals in descending order. This measure is used
for the log-scaled data to represent fold changes.

— Regression : Fit a simple linear regression model(Y = a- X +b) for

two selected experiments from Chip List and calculate the residu-
als. Genes are sorted by the absolute values of these residuals in
descending order.

— Angle : Calculate the angle from Y=X line for two selected ex-

periments from Chip List. Genes are sorted by these angles in
descending order. This measure is used for the raw data(without
log transformation) to represent fold changes.

— Mahalanobis : Calculate the Mahalanobis distance from means

of two selected experiments from Chip List. Genes are sorted by
these distances in descending order. djs(x) = (x —%)TE 7} (x — %)
In here, ¥ is estimated from two selected experiments from Chip
List.)
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Figure 8. How to use “Find Interesting Genes” menu : 1) Choose two chips
from Chip List, WT-0, and WT-1. 2) Choose Find Interesting Genes —
Difference 8) genes with red colors are most different genes between two chips
and genes with yellow colors are most similar genes between two chips.

Find Similar Genes : Before you choose this menu, you need to select
one gene from Gene Information spreadsheet and select chips that you
want to consider. After calculating measures, new measure is added to
GGobi and genes in the Gene Information spreadsheet are sorted by
this calculated measure.

— Euclidean : Calculate the FEuclidean distance from the selected
gene(x*). This distance variable adds to GGobi. In the Gene
Information spreadsheet, genes are sorted by these distances in
ascending order.

— Corr : Calculate the correlation distance from the selected gene.
This distance variable adds to GGobi. In the Gene Information
spreadsheet, genes are sorted by these correlations in descending
order.

— Zerocorr : Calculate the zero correlation distance from the selected
gene. This distance variable adds to GGobi. In the the Gene In-
formation spreadsheet, genes are sorted by these zero correlations
in descending order.

File Graphics Analysis Sort

Chip Li Gene
AfyokID | Locus|D | Genelist | Colers | Tairannofalion [licted.Subcellularioc]  Go.annafation | =]
T6706_al  Atzgl4410 Red  hypothetical proteln; | Cther (cytoplasm et
146060_at  At1gos190 Yellow  expressed protein; co Cther (cytoplasm el proteln kinase ;ATF bin
15332.al  AMg03H40 Blue  AIG1-like protein; AIG Other (cytoplasm etc ATP binding ;
1 Atzg2 3 Green _hypathetical protein; |
3 AtTglD O ion_Undetermined factor ;
16707_al  Atsgdrazd Gray 403 rlbosomal protein Secreted Proteins  mitochondrial ribosome
177298l Atsgarze0 Gray  pulative protein; intey Cther (cytoplasm et
16337_al  AfzgaTis0 Gray 603 rlbosomal protein Other (cytoplasm efc  structural constiuent of
«| | [17055 s at  atsgesasn Gray  pulative protein; phyli Other (cytoplasm efc  Intracellular ;regulation
J|17iszar atigosae0 Gray  expressed protein; Si
i |1ea36_at  Atzg13400 Gray  pulative protein kinas  Other (cytoplasm efc  protein kinase ;protein <
d|1sa0aat atigisze0 Gray  unknown protein; EST Cther (cytoplasm et
(EIEe L 15299 s at  Atlg30680 Gray  hypothetical protein; | Other (cytoplasm elc DN binding ;ATP bind
:le 5 15205_al  Afzgdzzdl Gray  RRM-containing prote Undefined chioroplast;
12304_al AtagSTzA0 Gray  glycosyl hydrolase Ta Other (cytoplasm efc carhohydrate metabolisn
17656_al  AtgS3al0 Gray  APZ domain protein F - Undefined
16165 al Atzgd1EE0__ pindi toplas elc_intracellular protein tran |
17626 s at  AtZgl765]= inates [ —][0[[x][[=[lexpression GG:_Parallel Courdinates || _|[o (x|
[E[ Nemwonode / NetunrkEdges - Geaterpiot | 3% Efle Ontions | Hio  Bpiems |
File  Edges Options |
i
oy
K|
i
o]
o]
K|
1
&
0
o]
i)
o
i
_; d WT0-1  WT1-1 WT4-1  WT10-1  WT24-1 ACLO-1 ACL1-1 ACL4-1 ACLI0-" ACLZ24-"
Lo 100 18000 11000, A1E00 L, 12000

Figure 4. How to use “Find Similar Genes” menu : The plots at the bottom



—— GeneGobi : Visual Data Analysis Aid Tools for microarray data 7

include a view of a hypothetical jasmonic acid network and two profile plots

of gene expression data

e Find Cluster :

— hclust : with subset of data(selected genes and selected chips),
find cluster using hclust function in R and draw an interactive
dendogram. This dendogram is connected to GeneGobi and the
other plots in GGobi.

£ | Genetiohi E

File Graphics Analysis Sort
Chip List Gene Information

Chip List

Gene List i Go.annotation [
M |

AyEE 1D Locus 1D

At gES6E0 expressed prof
At gES590 F-box protein family; |
At2g45250 unknown protein Undefined chiaroplast ;
At go3as0 unknowm protein; Loc Undetermined electran transport;
At2gagarn oxygen-evalving com Undetermined

f At2gzaa7n expressed prolein; su  Undetermined sugar porter ;metaholism
Exp.infy El Alzgas020 unknown protein Chloroplast chinroplast ;N-acetyltran:
....... £ At2gza100 expressed protein; su  Undefined
€ Lk ANgIesTO putative awsin-induce Chioroplast chioroplast ;

[pression GG_Parallel Conrdin] =] B[X

File  Options |

[GGobi-Dendogram__ ||| @)X

ﬁselecmnue End

elect this node

Figure 5. How to use “Find Cluster” menu : Whenever select “select node”
button, this dendogram changes to interactive mode and the right sides of
selected mode are denoted by color “Yellow” and the left sides are “Pink”

2.2.4 Sort menu : sort genes in the Gene Information spreadsheet

e by AffyID/LocusID/GeneList/Colors

2.3 Buttons

e Clear Color : change all colors in GGobi plot to “Gray” which is used
as a base color

e Color Update : when user changes colors in GGobi directly using
“BRUSH”, use this button to update color information in the gene
information spreadsheet.
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e Yellow/Red/Blue/- - - /Purple : change colors for selected genes in the
gene information spreadsheet.

e Browse URL : for selected genes, link to literature from the web

3 Conclusion

GeneGobi provides a user-interface to both GGobi and R. It adds a spread-
sheet to more information about each gene, links to litrature from the Web,
menus of analysis and visualization options and an interace to lists of selected
genes created from expert knowledge or previous analyses. It is flexible to
add new method. Therefore GeneGobi can be a new platform of the visu-
alization of gene expression data and the analysis of functional relationship
between genes, proteins and metabolites.
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