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Summary

The DNA microarray technology has been widely employed in recent biological research. However,
the unprecedented large amount of data produced by the technology has presented inevitable challenges
to biological scientists, forcing individual researchers to take extensive training or rely on database
specialists for the use of the data. Microsoft Excel® has a number of convenient functions and may be the
most widely used spreadsheet package for data storage and manipulation. Therefore, we developed a user-
friendly, Excel spreadsheet-based microarray data-managing program. The program, gene expression
profiler (GEPRO), is designed to facilitate organizing miocroarray data, performing statistical analysis,
and displaying the results. Using GEPRO’s filtering and sorting capabilities, a user can easily identify
differentially expressed genes, display the expression profiles of the genes of interest, and present and
save the analyzed data in a user-defined way. The versatility and utility of GEPRO should enable bench
work researchers to maximize the use of their microarray data. The GEPRO is freely available for non-
commercial users at http://www.mc.uky.edu/cls/ko/geprol.html.
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Resumen

La tecnologia de microarreglos de DNA es actualmente empleada de manera amplia en investigacion
bioldgica. Sin embargo, el manejo de la enorme cantidad de datos generados por la misma representa un
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desafio para los investigadores, forzandolos a invertir valioso tiempo en capacitacion sobre dicho manejo, 0 a
confiar el uso de lamismaa especialistas en bases de datos. El programa Excel® de Microsoft, la hoja de calculo
mas ampliamente utilizada a nivel mundial, que cuenta con muchas funciones Utiles para almacenamiento y
manipulacién de datos, fue utilizado por nosotros para desarrollar una aplicacion amigable para el manejo
de datos generados por microarreglos de DNA. Nuestro programa, llamado “Gene Expression Profiler”
(GEPRO), esta disefiado para facilitar la organizacion de datos de microarreglos, realizar su analisis
estadistico, y presentar los resultados. Utilizando la posibilidad de filtrado y ordenamiento de datos que
ofrece GEPRO, el usuario puede identificar facilmente diferentes genes, observar los perfiles de expresion de
los genes de interés, asi como presentar y guardar los datos de diversas maneras. La versatilidad y utilidad de
GEPRO ayuda a los investigadores a maximizar la utilizacién de sus datos de microarreglos. GEPRO es una
aplicacion gratuita, disponible para uso no comercial en http://www.mc.uky.edu/cls/ko/geprol.html.

Palabras clave: bases de datos, Excel de Microsoft, expresion de genes, microarreglos.
Resumo

A Tecnologia dos Mircroarranjos de DNA é muito empregada em pesquisa bioldgica. Mas o manejo da
grande quantidade de dados gerados ¢ um desafio para os pesquisadores, os quais estdo sendo forgados a
realizar grandes investimentos econdmicos e de tempo para sua capacitacdo ou em confiar em expertos da
informatica para analisar seus dados. O programa Excel® da Microsoft, amplamente utilizada no mundo
foi utilizado para desenvolver uma aplicacdo amigével para o0 manejo de dados gerados por Mircroarranjos
de DNA. O nosso programa, chamado “Gene Expression Profiler” (GEPRO), esta desenhado para facilitar
a organizacdo de dados, permite realizar as respectivas analises estatisticas e apresentar os resultados.
Utilizando a possibilidade de filtrar e organizar os dados que oferece GEPRO, o0 usudrio pode identificar
pares de genes, observarem os perfis da expressdo dos genes de interesse, assim como a possibilidade
de apresentar e salvar os dados de diferentes formas. A versatilidade e a utilidade do programa, ajuda
aos pesquisadores a maximizar a utilizagdo dos dados. GEPRO é uma aplicacdo gratuita para uso nao
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comercial, disponivel em http://www.mc.uky.edu/cls/ko/geprol.html.

Palavras chave: bases de dados; Excel de Microsoft, expressdo génica, microarranjos.

Introduction

Improvements  of  nano-technology  and
biomolecular techniques have led to the development
of microarray systems, which allow individual
bench researchers to measure gene expression at the
genome level. Accordingly, microarray technology
has been widely employed in biological research in
recent years. However, the nature of generating large
data sets from individual microarray experiments has
presented challenges for data collection, exchange,
and analysis. Although there are now widely
accepted formats for microarray data, because of the
enormous data size of each microarray data set, it is
difficult for an investigator to put the data together
to build and populate large-scale databases (13).

While programs have been developed for the

management of data, most of them require extensive
knowledge of statistics and computer skills (4, 5,
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15), which limits their value for some researchers.
Therefore, user-friendly software has been awaited
that would allow individual bench work researchers
to manage their own microarray data. In an effort to
disseminate and share microarray data via online, we
recently built a web-based rat ovarian gene expression
database (rOGED) that performs a key-word driven
data search, execute a programmed statistical analysis
and presents data as tables and graphs (7).

Now, we report the development of a Microsoft
Excel® (www.microsoft.com) spreadsheet-based
software tool with which a bench work researcher
can easily build his’her own microarray database.
The software, gene expression profiler (GEPRO), can
perform statistical analysis, identify genes of interest,
and present data in a user-defined format. The
GEPRO was developed using Microsoft Excel mainly
because of its familiarity to bench work researchers
and its versatility. A variety of software tools built on
Excel are currently being used in the areas of animal
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science (10), physiology (2), pharmacology (3), and
biochemistry (14) as well as molecular biology in
managing gene expression data (6, 8, 11).

Program description and sample run

The GEPRO source codes for all the modules
have been written in Visual Basic for Application as
an Excel XP add-in. A user can run the program file
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GEPRO.xls with no special installation. When this
file is opened, a user needs to click on the Enable
Macros button in a dialogue box. A flow chart
illustrating the program is presented in figure 1. The
GEPRO database set-up falls into four procedures:
1) data structure input, 2) microarray data input, 3)
statistical computation, and 4) display as tables and
charts on the main screen. The functions include
search, filtering, sorting and chart exporting and are
all performed on the main screen.

_

Open GEPRO.xls

>

!

Input data structure (see Figure. 2)

v

Input Affymetrix MAS 5
or other normalized
data (see Figure 3)

|

Microarray
data

Statistical computation and database setup

|

GEPRO main screen (see Figure 4)

l

Keyword

search ><

Filter by ratio, expression value
and/or P-value

| !

Sort by ratio, expression

Found genes in result box

value or P-value

Y

Gene selection in result box

A

Gene description, comparative chart, and
gene expression profile table of the selected gene

— 1

Save comparative chart in user defined folder

Figure 1. A flow chart illustrating the set-up procedure and functions implemented in GEPRO.
Shaded boxes represent functions on the main screen.
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Data structure input

The first step of the GEPRO database set-
up is data structure input (see Figure 2). A user
inputs the number of treatments, the name of
each treatment, and the number of replicates
for each treatment. The user then assigns the

Ed Microsoft Excel - GEPRO

File Edit Wiew Insert Format Tools Data  Window  Help

comparison pairs of treatments for expression
ratio calculation and Student’s T-test and
provides input that indicates whether gene
descriptions and detection calls are available.
When the user finishes this step by clicking the
OK button, the program generates a spreadsheet
for the microarray data input.

=lolx|

-5 X

Microarray Data Import

1. How many treatments do you have ?

2. Input the names of the treatments and the number of replicates.

[ 5 ]

Name of Treatment # of Rep
Treatment 1: Control 4
Treatment 2: A 4
Treatment 3: B 4
Treatment 4: C 4
Treatment 3: D 4

3. What kinds of comparisons (ratio calculations) do you want to conduct ?

D =

Caontrol j

| Delete |

Add to List
Control / Control 1=
A f Control
B/ Control
C / Control -
D/ Control hd
4. Do you have "Description” for each gene ? e -
5. Do you have "Detection call” for each assay ? Yes =
(alzo called as A/F call)
6. Are you ready to import your microarray data ? oK |

Figure 2. A screen for data structure input. In response to the selection of the number
of treatments, the table size for treatment name is automatically resized. In this example,
five treatments included Control, A, B, C, and D with four replicates for each treatment.
Comparison pairs are assigned as each treatment vs control.

Microarray data input

An Excel spreadsheet for microarray data input
is presented in figure 3. In this spreadsheet, the
first row shows the title of each column including
gene ID, gene description, and the name and
replicate of treatment for the expression value
and detection call according to the data structure
input. Following the order of the columns, the
user prepares microarray data in a spreadsheet,
makes a copy, and pastes the data into the data
input sheet of GEPRO.
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Statistical computation

When a user clicks the button for main screen
setup (see Figure 3), statistical computations are
performed generating treatment means, standard
errors, expression ratios between comparison pairs,
p-values from unequal variance Student’s T-test, and
p-values from one way ANOVA tests. The treatment
pairs for expression ratio and Student’s T-test were
assigned during the data structure input procedure.
These statistics are tabulated on the main screen
with a corresponding chart (see Figure 4).
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Ed Microsoft Excel - GEPRO — ol x|
File Edit  Wiew Insert Format  Tools  Data window  Help Type aquestion forhelp [« /2 & X
A E | C | D [ An | A0 | AP | AQ
1 Ing Descriptions Contral_1_walue Control_Z_walue (D_2 AP D_3_AF D_4_ AP
2 [1415670_agb: BCO24E36.1 /DB XREF 11058 1568.8 |P F P
3 14.1 reTA = e bl A OATATT A MO Wwr A ?'B 8 1?55 P P P
4 141t Afterimporting (pasting) your prss 7319.2 |P P P
& |141: raw data, "CLICK" this button FEza f55.9 |F P P
B 141 for main screen set up. 09.8 9619 |P P P
7 1418875 S go BUO05256. 1 JUE_AREF 701 621.4 (P F P
22688 | AFFH-Trans M. musculus /GEMN=transf 394.3 2168 |P P F
22689 | AFFH-Trpnx B. subtilis JGEN=trpC, trpt 46 1.4 |4 A A
22690 (AFFA-Tron=B. subtilis JGEN=trpE, trpl 236 36 |A A A
226971 | AFFH-Trpnx B. subtilis JGEN=trpD, trpl 492 1.3 (A A A
22R92
Figure 3. A screen for microarray data input.
EA Microsoft Excel - GEPROD 13l x|
Fle Edt ‘iew Insert Format Tools Data  ‘Window Help Type aquestion for help =2 8 X
GEPH“ Gene Expression Profiler for DNA Microarray Data =
Search | Sort by [~ User Defined
Advanced Filter Options  Ratio of Contral / Control j
UNIVERSITY OF KENTUCKY ¥ Ratio D Control j = j 2 " Value of Control j
K L b ¥ value o EIEEEED  Pvalue of ANDVA, =
0‘ a ¥ Pvalue ANDVA j < j 0.05 Ascending | Descending |
Gene Description Comparative Graph Export Chart
> ob:BGEET40S [1416250_at]» UG_TITLE=B-cell translocation gene 2, anti-proliferative » gh:BG965305
1416505_at » DB_XREF=0i14353042 1500
1417262 at » DB_XREF=RN2830441F1 ’
_ _ . 1,400
1417323 at w CLOME=IMAGE: 4984979 /
- » FEA=FLIMRHMA 5 120
1417902_at » CNT=228 T 1000
1418936_at » TID=Mm.303.1 -
1418949 _at » TIER=Stack e
1419431 _at »5TK=23 I &m0
1420088_at w UIG=Mm, 303 & 400
1420380_at »LL=12227 200
1421207 _at » UG_GENE=Btg2 a ‘ ‘ . .
1422134 _at > LG_TITLE=S-cel Control A B c D
1423100 at trarﬁlnc?tmn gene 2, anti- i
1423605_a_at TEII_:E;Z_IL?\LUUFSTU_W Gene Elpression Profile Export Felder: C:Documents and Settings
1424842 _a_gt Treatment Control A B C | i |
1 jg::gé-a;at Value 181 525 168 1099 | 1,365 |
1427DD57:t SE* 2 a0 29 71 126
1427126 at AP Call™ P P P F P
1427127 _x_at | Comparison | Control / Control A/ Control B/ Control C i Control D/ Control
1427718 _a_at .
1448230 at Ratio 1.00 1.09 0.97 2.29 2.34
1448306_at LPUQ;(REE) 013 004 118 151
1448325 at -yalue 1.000 0527 2724 Q.002 0.005
1449158_at User Defined Ratio {Control/Control)= 1.00
1440363_at - ANOVA P-value = 0.0000 | |
* Standard error ofthe means. ™ Detection call (A& and P stand for ahsent and present, respectively)
New Data Imporl = Student's T-test (Twio tail, Unequal variance). Cell shading of P-value represents as below:
P=0.05 P=0.07 |

Figure 4. A sample screen of GEPRO. The GEPRO main screen contains a result list box (A) that meets the user-defined search (B)
criteria, a keyword input box, the advanced filter options (C), sorting functions (D), the gene description (E), a chart display (F), the gene
expression profiles (G), a chart saving function (H), and a new data import (I). The sample database is publicly available data (McMullen
et al., 2005) from NCBI GEO. A total of 22,690 genes exist in the database, and 33 genes meet the filtering criteria (expression ratio of
treatment D to Control >= 2, expression value of treatment D >= 300, and ANOVA p-value < 0.05). Gene description, comparative graph,
and gene expression profile are shown for the first gene, 1416250_at, that meets the criteria.
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Description and functions of main screen

When a user performs a search, a list of gene IDs
matching the search criteria appear in the result list
box on the left corner of the GEPRO (see Figure
4A). The user can display gene expression profiles
of the genes of interest by clicking the individual
gene IDs; in response to the selection of a gene ID
in the list box, the corresponding gene description,
chart, and table are instantly updated and displayed
(see Figures 4E, 4F and 4G).

The Search button (see Figure 4B) enables
filtering genes containing a keyword in the
description (see Figure 4E). Advanced filter options
(see Figure 4C) enable filtering by a ratio of gene
expressions between two comparison groups, by an
expression value of an experimental treatment, and/
or a p-value from statistical tests. Genes listed in the
result list box (see Figure 4A) can be rearranged by
expression ratios, expression values, or p-values by
using the sorting function (see Figure 4D).

In addition, a user can modify chart formats,
types, source data, or chart options using Excel
chart functions. Finally, the Export Chart button (see
Figure 4H) allows a user to save the current chart as
GIF image file in a folder assigned by the user. The
New Data Import button (see Figure 4I) enables a
new database set-up. When a user clicks this button, a
sheet for data structure input appears (see Figure 2).

Discussion

In this paper, we report the development of a
user-friendly, Excel spreadsheet-based GEPRO that
allows users to easily build their own microarray
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