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Background: Advances in molecular and computational biology have led to the develop-
ment of powerful, high-throughput methods for analysis of differential gene
expression, which are opening up new opportunities in genomic medicine.
DNA microarray technology has been enthusiastically integrated into basic
biomedical research and will eventually become a molecular monitoring tool
for various clinical courses. 

Methods: As a core research facility of Chang Gung University (CGU) and Chang
Gung Memorial Hospital (CGMH), the Genomic Medicine Research Core
Laboratory (GMRCL) welcomes investigators from every discipline to
employ DNA microarray technology in the quest for knowledge of genomic
medicine. The first tasks for GMRCL are to optimize the standard operating
procedures (SOP) for each instrument and to assure the quality of every pro-
cedure. 

Results: During the first year after the establishment of the GMRCL at the CGMH,
we tested and adopted procedures that were satisfactory for our purposes.
These procedures included: replication of bacterial stocks, amplification of
human DNA clones, annotation of each DNA clone, production of cDNA
microarrays, validation of RNA quality and quantity, labeling of target speci-
mens, competitive hybridization, scanning of slides, data analysis, and post-
microarray validation of results. We present a summarization of the materials
and procedures used at the GMRCL and discuss the reasons for using them. 

Conclusions: The information about the cDNA microarray analysis system at the GMRCL
is compliant with the minimal information about a microarray experiment
(MIAME) format. The information may be useful to both the investigators
who are using this core facility and researchers at other institutes, who will
establish their own in-house cDNA microarray systems.
(Chang Gung Med J 2004;27:243-60)
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Advances in molecular and computational biolo-
gy have led to the development of powerful,

high-throughput methods for analysis of differential
gene expression.  These tools have opened up new
opportunities in disciplines ranging from cellular and
developmental biology to drug development and
pharmacogenomics.  Five commonly used differen-
tial gene expression methods are: expressed
sequence tag (EST) sequencing, DNA microarray
hybridization, subtractive cloning, differential dis-
play, and serial analysis of gene expression
(SAGE).(1) 

A DNA array is an orderly arrangement of DNA
on solid support, providing a medium for matching
known and unknown DNA samples.  According to
the nomenclature recommended by Nature Genetics
(Volume 21, no. 1 supplement, 1999), a probe is the
tethered nucleic acid of a known sequence on solid
support, whereas a target is the free nucleic acid in
samples to be determined.  Similar to that for
Southern and Northern blotting analyses, hybridiza-
tion between probe and target DNA through base
pairing remains the basis of all microarray tech-
niques.

Two formats of DNA microarray commonly
reported are oligonucleotide microarrays and cDNA
microarrays.  Taking Affymetrix as an example of
oligonucleotide microarrays, tens of thousand of
short nucleic acids up to 25 nucleotides are synthe-
sized in a discrete regular grid on chips(2,3) and can be
used to detect mutations at the molecular level with
exquisite sensitivity.  Therefore, it has been used suc-
cessfully in analyzing single nucleotide polymor-
phisms (SNP).(4-7) In the cDNA microarray, probe
DNA (usually a PCR product of longer than 100
nucleotides) is immobilized to a piece of glass
slide.(8) Fluorescent samples for hybridization have
been derived from two sources of cellular mRNA,
which are labeled with different fluorophores to pro-
vide a direct and internally controlled comparison of
the mRNA levels corresponding to each arrayed
gene.  The fluorescence signals representing
hybridization to each arrayed gene are analyzed to
determine their relative abundance in the two sam-
ples of mRNAs corresponding to each gene.(9)

DNA microarray technology has been enthusi-
astically integrated into basic biomedical research
programs worldwide, and will eventually become a
molecular monitoring tool for selected clinical

courses.(10-15) To mine human genome sequences for
useful biomedical information and facilitate research
on genomic medicine by employing DNA microar-
ray technology, in the year 2002, the Chang Gung
University (CGU) and Chang Gung Memorial
Hospital (CGMH) established a DNA microarray
analysis system at the Genomic Medicine Research
Core Laboratory (GMRCL), which is located in the
Lin-Kou Medical Center of CGMH.  As a core
research facility, the GMRCL welcomes investiga-
tors from every discipline of the CGU and CGMH to
employ DNA microarray technology in the quest for
knowledge of genomic medicine.  The most impor-
tant task for the personnel at the GMRCL is to opti-
mize the standard operating procedures (SOP) for
each instrument and assure the quality of every pro-
cedure. 

Because of the large amount of information that
is generated by any DNA microarray experiment, a
standard format is necessary to effectively communi-
cate the microarray information to fellow
researchers.  An infrastructure for the sharing of
microarray data, which includes the minimum
amount of information about a microarray experi-
ment (MIAME), was proposed by the Microarray
Gene Expression Data (MGED) working group and
was approved at the MGED 3 meeting held at
Stanford University on March 28, 2001.(16) As an
increasing number of journals require authors to sub-
mit microarray data in accordance with the MIAME
guidelines, it is advisable that researchers become
familiar with them when doing microarray experi-
ments.(17)

During the first year after the establishment of
the GMRCL at the CGMH, we tested and adopted
procedures that were satisfactory for our purposes.
These procedures included: replication of bacterial
stocks, amplification of human DNA clones, annota-
tion of each DNA clone, production of cDNA
microarrays, validation of RNA quality and quantity,
labeling of target specimens, competitive hybridiza-
tion, scanning of slides, data analysis, and post-
microarrays validation of results.  We present the
materials and procedures used at the GMRCL and
the reasons for using them.  The information about
the cDNA microarray analysis system at the
GMRCL is compliant with the MIAME format and
may be essential not only for our investigators who
are using or will be using this core facility, but also
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for researchers at other institutes, who will establish
their own in-house cDNA microarray systems.  

METHODS

Preparation and verification of DNA clones 
A total of 7334 sequence-verified clones select-

ed from the IMAGE library were obtained from
Incyte Genomics (Palo Alto, Calif, USA), with
IMAGE ID, DNA sequences, vector names, and
information for PCR primers for every clone includ-
ed.  Upon arrival of the bacterial clones, we replicat-
ed them into three sets.  Each set contained 77 96-
well plates.  Each clone was kept in bacterial freez-
ing buffer, which was made with 100 µl Terrific
Broth (TB) and 100 µl 2X freezing medium (12.6 g
K2HPO4, 1.03 g sodium citrate, 0.18 g MgSO4-7H2O,
1.8 g ammonium sulfate, 3.6 g KH2PO4, 300 ml glyc-
erol with water to make 1 liter).  We stored three sets
of bacterial clones at -70˚C in different buildings to
avoid the risk of degradation that would occur in the
event of a loss of power. 

For preparing a set of plasmid DNA that would
be used as templates for PCR, each bacterial clone
was cultured in 1 ml TB containing appropriate
antibiotics overnight at 37˚C in an incubator shaker
(New Brunswick Scientific, NJ, USA). After incuba-
tion, 1 µl of bacterial culture from each clone was
taken for direct PCR amplification (see the following
paragraph).  The cultured media were spun at 5000
rpm for 5 min to collect bacterial pellets that were
then stored at -70˚C for further preparation of plas-
mid DNA.  Plasmid DNA was purified with Prep 96
Plasmid Kit (Qiagen, Calif, USA) according to the
manufacturer’s recommended protocol.  The proce-
dure was based on a modified alkaline lysis followed
by efficient filtration through an asymmetric filter
unit, QIA filter 96. 

The first set of DNA clones for spotting onto
slides was prepared directly using 1 µl of the bacteri-
al culture as the PCR template and one of the four
sets of PCR primers according to the corresponding
cloning vector for each clone (Table 1).  For each
clone, PCR amplification using 1 µl of the bacterial
culture, 2.5 units of the Taq DNA polymerase
(ABgene, Advanced Biotechnologies, USA), 200 pM
of the primers, 200 µM of the dNTP, and 4% of the
DMSO in ABgene buffer (75 mM Tris-HCL, pH 8.8,
20 mM ammonium sulfate, 0.01% Tween 20, 1.5

mM MgCl2) was carried out on a total of 100 µl of
the PCR reaction in a MultiCycler PTC 225 Tetrad
thermal cycler (MJ Research, Mass, USA).  The tem-
perature of PCR was set at 94˚C, 5 min; 50˚C, 1 min;
72˚C, 4 min; followed by cyclic thermal changes
(94˚C, 30 sec; 50˚C, 1 min; 72˚C, 3 min) for 35
cycles, finished at 72˚C for 10 min, and the end
product was kept at 4˚C before the next purification.
One hundred µl of each PCR product was subjected
to post-PCR clean-up procedures with QIAquick 96
PCR Purification Kit (Qiagen), which was a vacuum-
driven solid phase DNA extraction.  Purified DNA
from each preparation was eluted in 80 µl of the elu-
tion buffer (10 mM Tris, pH 8.5), and 2 µl of the
eluted product of each clone was subjected to 1.2 %
agarose gel electrophoresis (Ready-to-Run
Electrophoresis System, Amersham Biosciences,
UK).  Average DNA concentrations of the final PCR
product were between 80-120 ng/µl.  To prepare the
source DNA for microarraying, 15 µl of the PCR
product was mixed with 5 µl of the 2X microarray
spotting solution (Genetix, UK) on 384-well plates.
The total solution was then evaporated at room tem-
perature to the final volume of about 10 µl.  The final
DNA concentration of the spotting solution was
about 150 ng/µl. 

The procedures described above were also
applied to the second and subsequent preparations of
DNA clones, except that the plasmid DNA rather
than bacteria was used as PCR templates.  A robotic
liquid handling system (Genesis NPS 150, Tecan,
Switzerland) was used for triplicating bacterial
stocks, isolating plasmid DNA, dispensing reagents
for PCR reactions, performing the post-PCR clean-
up, loading samples to the 96-well Ready-to-Run
agarose electrophoresis gel, and transferring solu-
tions between microplates of different formats (96-
well versus 384-well).

Table 1. Primers Used for PCR Purification of DNA Clones
T3 AATTAACCCTCACTAAAGGG
T7 TAATACGACTCACTATAGGG
SP6 ATTTAGGTGACACTATAGAA
M13 forward (-21) TGTAAAACGACGGCCAGT
M13 reverse GGAAACAGCTATGACCATG
ME18S-FL3-R CTTCTGCTCTAAAAGCTGCG
ME18S-FL3-F CGACCTGCAGCTCGAGCACA
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Microarraying 
Q-Array (Genetix Ltd., Hampshire, UK) was

used for microarraying DNA clones to glass slides.
This Q-Array was equipped with a 24-tip printing
head that transferred DNA clones from 384-well
microplates, a platform that accommodated 84 slides,
and a stacker that had the capacity of 70 microplates. 

Both solid pins (Q-Array X2283, spot size 150
um, Genetix, UK) and quill pins (CMP4-Standard,
spot size 125 um, TeleChem International, USA)
were used.  Although the printing head could use 24
pins simultaneously, we only selected eight pins for
the routine production of slides to reduce the pin-to-
pin variation.  With the spot size at 150 um and the
spot-to-spot space at 200 um.  We printed more than
16000 spots onto a single slide.  Aminosilane-coated
slides that were purchased from the ArrayIt
Company (Calif, USA; category # SMM) and
Corning (NY, USA; category #40015) were used.
The printing of slides was performed at 22˚C and
50% relative humidity. 

A total of 7334 cDNA clones, 24 control DNA
that do not cross-hybridize with sequences in the
human genome, and plenty of blank spots used as
negative controls were microarrayed in duplicate
onto the glass slide.  Nearly 16000 spots were
arrayed on the glass slide with five blocks, resulting
in 3200 spots per block.  Each block contained eight
squares with 20 20 spots in each square.  The spot-
to-spot distance was 220 um.  Blocks 4 and 5 were
the mirror duplicates of blocks 1 and 2, containing
6100 cDNA clones.  Block 3 contained 1234 cDNA

clones with each clone duplicated together and 24
control DNA with eight repeats for each (Fig. 1A).

After we gained more experience on the slide
production, we decided to use 16 pins to shorten the
time required for each set of microarraying.  The
spot size and the spot-to-spot distance remained
unchanged.  However, the spotting organization on
slides was changed to 2 big blocks, each containing
16 sub-blocks of 22 22 spots.  Each clone in one
block was the replicate of the corresponding spot in
another block, making it easier to compare the fluo-
rescent results of the duplicated spots (Fig. 1B). 

Tissue preservation
Human placental tissues were used to compare

two methods of tissue preservation for maintaining
intact RNA quality.  Fresh placental tissues obtained
from scheduled Cesarean sections were immediately
cut into small pieces (about 0.5 cm in each dimen-
sion), snap-frozen in liquid nitrogen, and put into a
freezer at -70˚C for long-term storage.  Alternatively,
tissues were immersed in RNAlater reagent
(Ambion, Tex, USA).  According to the manufactur-
er’s recommendation, at least one dimension of the
tissue was less than 0.5 cm and the volume ratio
between the tissue and reagent was 1 to 5.  

RNA preparation from culture cells and tissues
Cultured cell lines and various tissue types,

including human placenta and muscle as well as
mouse liver, were used for optimizing procedures of
RNA isolation.  We immediately added, 1 ml of TRI-

Fig. 1 Layouts of the original version (A) and the current version (B) of GMRCL Human 7K microarrays. In both layouts, about
7500 sequence-verified human DNA clones are duplicatedly spotted onto each slide.
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UK).  After the reaction at 42˚C for 1 h to generate
the fluorescent-labeled cDNA, another 400 U
SuperScript II was added and incubated for another 1
h. Sample RNA was removed by adding 2 µl of 2.5
M NaOH and incubating the mixture at 37˚C for 15
min, and then neutralizing with 10 µl of 0.1 N HCl.
The Cy3- and Cy5-labeled cDNA target pair (test
and reference) were mixed together, purified using
the QIAquick PCR purification kit (Qiagen, Calif,
USA), concentrated to 6 µl, and mixed with 10 µl of
1 mg/ml oligo-d(A)80.  The final cDNA mixture was
incubated at 75˚C for 5 min, then mixed with 7.5 µl
of the microarray hybridization buffer and 15 µl of
100% formamide.  The final 30 µl target solution
was hybridized to the microarray at 42˚C for 14-18 h
in a 10-slide hybridization chamber (Genetix Ltd,
UK).  

Indirect labeling of cDNA targets using 3DNA
Submicro Expression Array Detection kit
(Genisphere) consisted of two steps.  In the first step,
10 µg total RNA from each experimental sample
(test) and control (control) was reverse transcribed to
target cDNA using an oligo-d(T) primer tagged with
either Cy3- or Cy5-specific 3DNA-capture
sequences.  Both synthesized test and control cDNAs
were then competitively hybridized to probe cDNAs
spotted on the microarray for overnight (16 hours) in
the 10-slide hybridization chambers (Genetix Ltd,
UK).  In the second step, synthesized tagged target
cDNAs were in situ labeled for 2 hours on the
microarray with Cy3-3DNA or Cy5-3DNA based on
the sequence-complementation to the capture
sequence.

Hybridization and washing: manual vs. auto-
mated slide processor (ASP)

An Automated Slide Processor (ASP,
Amersham Pharmacia Biotechnology, UK) was used
to do hybridization and washing for up to 12 slides
simultaneously.  To compare the manual and auto-
mated hybridization and washing procedures, each
100 µg total RNA extracted from the same ovarian
cancer BG1 cells was individually labeled with Cy3
and Cy5 using the direct labeling method as
described above.  For manual processing, hybridiza-
tion was performed with 30 µl volume with 1 X
hybridization buffer (Amersham Biosciences) and
50% formamide at 42˚C for overnight (16 hours),
washed with 1 X SSC, 0.2% (w/v) SDS at 42˚C for 4

ZOL reagent (Invitrogen, Carlsbad, Calif, USA) to
every 50-100 mg of pulverized frozen tissue.
Alternatively, tissues preserved in RNAlater reagent
were homogenized in TRIZOL reagent with Polytron
Homogenizer (Kinematica Company, Luzern,
Switzerland).  We used 1 ml of TRIZOL for 5-10
106 cultured cells.  We incubated the homogenized
tissue at room temperature for 5 min, and then added
0.2 ml of chloroform.  The mixture was shaken vig-
orously for 15 sec, incubated at room temperature for
another 3 min, and centrifuged at 12,000 X g at 4˚C
for 15 min.  For each 1 ml TRIZOL reagent, the
upper colorless aqueous phase containing RNA
(about 0.6 ml) was transferred to a new microfuge
tube, and subjected to RNA precipitation by adding
0.5 ml isopropanol and centrifuged at 12,000 X g at
4˚C for 15 min.  The RNA pellet was washed with 1
ml of 75% ethanol, vacuum dried briefly, and dis-
solved in RNase-free water.  The initial evaluations
of RNA quantity and quality were performed using
the OD 260/280 reading.

A lab-on-a-chip device, RNA LabChip, read on
Bioanalyzer 2100 (Agilent, Calif, USA) was used to
evaluate RNA quality and quantity.  The Agilent
Bioanalyzer integrated sample handling, separation,
detection, and data analysis in one platform.  With as
little as 25-500 ng of RNA input, the Bioanalyzer
calculated the ratio of 28S and 18S ribosomal RNA
and indicated the concentrations of total RNA. 

Dye labeling and hybridization
Two types of fluorescent labeling of target

mRNA were used with the direct CyScribe First-
Strand cDNA Labeling kit (Amersham Pharmacia
Biotech, UK) and the indirect 3DNA Submicro
Expression Array Detection kit (Genisphere, Penn,
USA).  Other indirect labeling methods not tested in
this study included the TSA method using Cy3-NHS
and Cy5-NHS dyes.

The procedures of the direct labeling are briefly
as follows. We combined 11 µl of solution containing
100 µg total RNA and 2 µg oligo-dT and heated to
70˚C for 5 min and cooled at room temperature for
10 min.  Then 10 µl of reverse transcription labeling
mixture was added to make the final solution of 500
µM dATP, 500 µM dGTP, 500 µM dTTP, 100 µM
dCTP, 10 mM DTT, 1 x first strand buffer, 400 U
SuperScript II, 40 U RNase inhibitor, and 45 µM of
Cy3- or Cy5-dCTP (Amersham Pharmacia Biotech,
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minutes, once with 0.1 X SSC, 0.2% (w/v) SDS at
room temperature (RT) for 4 min, once with 0.1 X
SSC at RT for 4 min, rinsed with distilled water for
10 seconds, and spin-dried at 250 X g for 3 min. The
modified protocol for the ASP included an increase
of the hybridization volume to 200 µl using the same
hybridization buffer.  The washing condition was the
same except it was processed in the ASP.

We have not yet successfully adapted the indi-
rect labeling method using 3DNA Submicro
Expression Array Detection kit (Genisphere) for
using the ASP (Amersham Pharmacia).  For the use
of the 3DNA Submicro Expression Assay Detection
Kit (Genisphere), the labeling and hybridization
were integrated into 2 steps as described in the previ-
ous section.  The post-hybridization washing process
included once with 2 X SSC, 0.2 % SDS at 60˚C for
10 min, once with 2 X SSC at RT for 10 min, 0.2 X
SSC at RT for 10 min, rinsed with distilled water for
10 seconds, and spin-dried at 250 X g for 3 min.

Scanning of slides and data management 
After hybridization and washing, slides were

scanned using a confocal scanner, ChipReader
(Virtek, Canada). Cy3 and Cy5 images were digitally
stored in the 16-bit TIFF format.  The spot and back-
ground intensities were acquired with GenePix Pro
4.1 software (Axon Instruments, Inc., Calif, USA).
Two steps of pre-analysis data management using
MATLAB 6.0 software (The MathWorks, Inc., Mass,
USA) were "flooring" and within-slide normaliza-
tion.

"Flooring": The signal intensity of each spot
was set to the intensity subtracting the background
value.  The mean signal intensity of all of the nega-
tive control spots plus two standard deviations was
set as the minimal detectable value called the thresh-
old.  The threshold value was usually a positive
value about 500 in a typical experiment.  During the
"flooring" process, the signal intensity for each spot
below threshold was replaced by this threshold value
(~500).

Within-slide normalization: To decrease the bias
between signal intensities of Cy3 and Cy5 that could
be caused by unequal labeling efficiencies of dyes,
different amounts of input total RNA, and distinct
scanning parameters, we employed three methods for
normalizing signals within slides.  These methods
included (a) global normalization where the sum of

ratio for all genes was set to 1, (b) local normaliza-
tion where the sum of ratio for housekeeping or con-
trol genes was set to 1, and (c) intensity-dependent
normalization (local weighted regress, Lowess)
where changes of intensity were assumed to be sym-
metric for all spots thus normalization was per-
formed in each bin of spots.  The software and
instructions for performing Lowess algorithm was
obtained from http://www.stat.berkeley.edu/users/
terry/zarray/Html/soft.htm. 

Replications in the experimental design
Two types of replications were compared for the

efficacy in minimizing statistical variances of data
including repeated experiments and dye swapping. In
the dye swapping design of experiments, one repli-
cate microarray was hybridized with the experimen-
tal sample (test) labeled with one fluorophore (e.g.,
Cy3) and the control sample (control) labeled with
the other dye (e.g., Cy5).  The corresponding dupli-
cate array was then hybridized with the test and con-
trol labeled with the opposite fluorophores.

Eight microarrays were used for four sets of
dye-swapping experiments on a pair of test (ovarian
cancer BG1 cells treated with 1 µM paclitaxel for 4
h) and control (non-treated BG1) RNA samples
(Fig. 2). To normalize the data from slide to slide, the
mean value of all of the spots in one microarray slide
was adjusted to zero and the standard deviations

Fig. 2 The dye-swapping design of experiments. (A) On this
example slide of hybridization, the color red is used to repre-
sent the specimen labeled with Cy5 and the color green is for
that labeled with Cy3. (B) Eight microarrays were used for
four sets of dye-swapping experiments on a pair of test (ovari-
an cancer BG1 cells treated with paclitaxel-Taxol) and control
(non-treated BG1 cells).
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(S.D.) of all spots in every slide were adjusted to the
average of S.D. of all slides. 

Confirmation of the results of gene expression
analysis

After the genes whose expression were signifi-
cantly regulated by treatment with paclitaxel were
identified, we selected five genes for further confir-
mation of their expression levels with the 7900 HT
real-time quantitative PCR (Applied Biosystems,
Calif, USA). These genes are prostate differentiation
factor, hypothetical protein MGC9850, splicing fac-
tor proline/glutamine rich, Asp-Glu-Ala-Asp/His box
polypeptide 5, and cyclin-dependent kinase inhibitor
1A.  For the SYBR Green methods, PCR primers
were designed using the Primer Express software,
version 2 (Applied Biosystems) based on the DNA
sequences of each clone provided by Incyte Co. For
the genes that were commercially available as Assay-
on-demand, we obtained them from Applied
Biosystems.

Minimum information about a microarray
experiment (MIAME)

The MIAME include the definition of the fol-
lowing six parts: experimental design, array design,
samples, hybridization, measurements, and normal-
ization controls.(16) Among the concepts in the defin-
ition are three components including qualifier, value,
and source.  In the information sciences, the qualifier
defines a concept, the value contains the appropriate
instance of the concept, and the source can be

defined either by the author or using a reference to
an externally defined ontology or controlled vocabu-
lary, such as those in publicly accessible databases.
The Microarray Gene Expression Data (MGED)
working group encourages authors to define their
own qualifiers and provide the appropriate values so
that the list as a whole gives sufficient information to
fully describe the particular part of the experiment. 

RESULTS

Preparation of DNA clones
Among the 7334 bacterial clones, 7296 (99.5%)

successfully grew in TB.  For preparation of the plas-
mid DNA, about 2 µg from each clone was purified
from 1 ml TB medium.  When the bacterial clones
were directly used as templates for PCR amplifica-
tion, only 6881 (93.8%) clones produced single
bands on agarose gel electrophoresis after PCR
amplification and post-PCR clean-up (Fig. 3A).  On
the other hand, when the plasmid DNA was used as
PCR templates, the number of usable DNA clones
increased to 7017 (95.7%) (Fig. 3B).  The remaining
217 clones (4.3%), either with no PCR product or
with multiple bands, were labeled as NA in the
Clone Information (http://www.cgmh.org.tw/intr/
intr2/c32a0/index.htm.  DNA sequences of each
clone on the microarrays are also available at the
same website.  For each clone, about 8 µg of the
DNA was produced in one PCR amplification.  The
working DNA concentration of the spotting solution
was about 150 ng/µl.

Fig. 3 Two representative agarose gels for the PCR products of the same 96 clones. (A) In this PCR amplification, a small amount
of bacterial culture was used directly as the DNA templates. (B) When 4 ng plasmid DNA of each clone was used as templates for
the PCR amplification, better PCR products were yielded.
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Functional annotations of DNA clones
Using a stand alone BLAST software distributed

by the National Center for Biotechnology
Information (NCBI, NIH, Bethesda, Md, USA),
sequence alignment analysis of 7334 clones was per-
formed on the human EST database.  The analysis,
which was performed on a personal computer with 1
GHz CPU and 768 megabyte RAM, took 44 hours.
The sequences of 6394 clones were identically
aligned to defined human UniGene Cluster
(http://www.nibi.nlm.nih.gov/UniGene/), resulting in
5830 non-redundant known genes or ESTs.  The
functional annotation of the 5830 clones were
obtained from the LocusLink (www.ncbi.nlm.nih.gov/
LocusLink) that provided information about genetic
loci and the NCBI Reference Sequence (RefSeq) and
linked to the website providing information of gene
ontology (www.geneontology.org). 

Among the 7334 clones, 3452 genes had been
annotated with the Gene Ontology (GO) ID in at
least one of three GO categories including molecular
function, biological process, and cellular compo-
nents.  The numbers of genes within each category
are indicated in Figure 4.  Detailed information for
the DNA clones of GMRCL are available on the
website (http://www.cgmh.org.tw/intr/intr2/
c32a0/index.htm.

Production of microarray slides
Both solid pins and quill pins produced round-

shaped, evenly dense DNA spots (Fig. 5) on
aminosilane-coated slides.  The use of quill pins
saved time in producing microarray slides because
one load of DNA solution was enough to distribute
DNA onto 84 slides.  We chose to use the aminosi-
lane-coated slides manufactured by Corning
Company because they produced more even shapes
of spots than those by the ArrayIt Company.  For
each batch of slide production, we routinely placed
dummy slides onto the first 14 slide trays, because
the size of spots on these slides tended to be too large
and fused together.  Therefore, although the slide
trays of Q-Array could hold 84 slides, each batch of
microarraying only produced 70 good slides.  A note
of importance is that fluctuations in temperature
from 22˚C or humidity from 50 % resulted in irregu-
lar shape and size of DNA spots on the slide and
should be avoided. 

Tissue preservation and RNA stability
RNA extracted from the placental tissues snap-

frozen in liquid nitrogen and those stored in

Fig. 4 Gene annotation of DNA clones on the GMRCL
Human 7K microarrays, categorized by three groups of Gene
Ontology: (A) molecular function, (B) biological process, and
(C) cellular components. Note that among the 7334 clones,
only 3452 genes were annotated with Gene Ontology identifi-
cation (GO Id) and that some genes were annotated more than
once, resulting in the summation of gene number of all his-
tograms to be larger than 3452.
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RNAlater reagent (Ambion Company) were equally
intact (Fig. 6).  Rapid degradation of RNA was noted
in the placental tissues kept at room temperature for
as short as 10 min (Fig. 6).

RNA quality and quantity
About 200 µg of total RNA was isolated from

10 mg (about 0.2 0.2 0.2 cm) of human muscle or
mouse liver tissue, while 106 cultured cells yielded
10 µg of total RNA.  On the other hand, a much
lower amount of total RNA (10 µg) was isolated
from 100 mg of human placental tissues.  This is
probably because the placental tissue carries a large
amount of blood, which does not contain much
RNA.

The RNA LabChip on Agilent 2100 Bioanalyzer
evaluated both quality and quantity of RNA.  The
larger 28S/18S ratio indicated the less RNA degrada-
tion.  A decrease of this ratio occurred when 28S
rRNA degraded, becoming the 18S-like RNA
species. On average, the 28S/18S ratios of RNA iso-
lated from tissues were between 1.6 and 2.0 (Fig. 7).
Therefore, we set the minimum requirement for the

Fig. 6 RNA extracted from the placental tissues that were
kept at various conditions. Lane 1: RNA immediately extract-
ed from frozen tissue; lane 2: RNA extracted from the tissue
kept at room temperature (RT) for 10 min; lane 3: the placen-
tal tissue kept at RT for 30 min; lane 4: the placental tissue
kept at RT for 60 min; lane 5: RNA extracted from the pla-
cental tissue stored in RNAlater reagent.

Fig. 5 Representative microarray spots generated with the use of either quill pins (left panel) or solid pins (right panel).
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28S/18S ratio of sample RNA to be greater than 1.6
for subsequent microarray analyses.  The minimal
RNA concentrations required for good dye-labeling
results were 0.6 µg/µl and 0.4 µg/µl for the 3DNA
Submicro Expression Array Detection Kit and Array
350RP kit (Genisphere), respectively.  If the sample
RNA concentration was too diluted, it should be first
concentrated using RNeasy Micro Kit (Qiagen,
USA). 

Comparison of two dye-labeling kits
Both the direct labeling of target DNA using

CyScribe First Strand Labeling kit (Amersham
Pharmacia Biotech, UK) and the indirect labeling
method using 3DNA Submicro Expression Array
Detection Kit (Genisphere) resulted in satisfactory
fluorescent signals. Although the indirect labeling
method appeared more expensive and labor-consum-
ing than the direct labeling, the 3DNA labeling kit
required a smaller amount of total RNA (5 to10 µg)
than the direct labeling method (20 to 100 µg).  An
additional theoretical advantage of the indirect label-

ing method is that the labeling of Cy3 or Cy5 is
based on the complementation of 3DNA probe to the
capture sequence, hence decreasing the labeling bias
caused by the differential incorporation efficiency
between Cy3-dCTP and Cy5-dCTP.  Recently, we
have obtained satisfactory results using a random
primer labeling kit, Array 350RP kit (Genisphere) in
labeling as little as 2 µg of total RNA (data not
shown). 

Comparison of manual hybridization and wash-
ing versus the use of automated slide processor
(ASP)

The manual hybridization method gave better
results than the ASP.  The spot numbers with the
accountable median spot intensity / median back-
ground intensity ratios (Signal/Noise ratio) were
8362 and 7594 spots for manual and ASP hybridiza-
tions, respectively.  Furthermore, the scatter plots of
self-against-self hybridization for the square correla-
tion coefficient (R2) were 0.96 and 0.94 for manual
and ASP hybridizations, respectively. However, we

Fig. 7 An example RNA result isolated from 140 ng mouse liver tissue with the 28S/18S ratio at 1.77. The best ratio of 28S to 18S
eukaryotic ribosomal RNA (rRNA) approaches 2. If RNA samples have been degraded, this ratio decreases since the 28S rRNA
characteristically is degraded to the 18S-like species. This graph was generated with the use of Agilent BioAnalyzer 2100.
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did not further test the ASP system because it was
not suitable for the indirect labeling method using
the 3DNA kit (Genisphere).

Cross hybridization caused by primers of 3DNA
labeling kits 

In dye-swapping experiments, up regulated
genes in the experimental sample should result in
green spots (i.e., higher Cy3 fluorescent intensity) on
the Cy3-labeled test / Cy5-labeled control slide, and
yield red spots (i.e., higher Cy5 fluorescent intensity)
on the corresponding dye-swapping slide: Cy5-
labeled test / Cy3-labeled control (Fig. 8).  However,
we noted the cross-reactions of the labeling primers
in 3DNA Submicro EX kits (Genisphere) to particu-
lar DNA clones. In analyzing results derived from 48
slides of 24 dye-swapping experiments, we identified
that nine clones were significantly higher in Cy3 flu-
orescent signals (P < 10-10) and six clones were high-
er in Cy5 signals (P < 10-10) (Table 2A).  We also
noted that 3DNA Submicro EX RP kits using ran-
dom primers resulted in fewer cross-reactions includ-

ing five clones were always higher in Cy3 signal
and one clone was higher in Cy5 signal (both had
P < 10-10) (Table 2B).

Effects of replication on decreasing statistical
variances 

The average variances of log ratios of each
duplicated spot in repeated experiments (Fig. 9, A
and B) were larger than those in dye-swapping
experiments (Fig. 9, C and D).  These results suggest
that the dye-swapping design was more effective in
decreasing statistical variances than the repeated
experiments. 

Confirmation of gene regulations by real-time
quantitative PCR (RTQ-PCR)

From the genes in the ovarian cancer BG1 cells,
which were significantly regulated by the treatment
with paclitaxel, five genes were selected for further
confirmation of their expression levels with real-time
quantitative PCR (RTQ-PCR) using either SYBR
Green dye or TaqMan technology (Applied

Fig. 8 Examples of cross reactions caused by the labeling procedure. Normally, the genes high in Cy5 signals on one slide would
show high in Cy3 signals on the corresponding dye-swapping slide, and vice versa, as shown inside the red boxes of the Figure.
Cross reactions (those demonstrated inside the green boxes in the Figure) were noted in several genes, as summarized in Table 2B,
when 3DNA Array 350 Random Primer labeling kit was used in experiments of dye-swapping.
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Biosystems).  As summarized in Table 3, there was a
good correlation (square correlation coefficient =

0.87) between the cDNA microarray results and the
RTQ-PCR data.

Table 2A. Dye-swapping Experiments Detected the Cross-reactivity on Certain Genes Caused by the Use of 3DNA Submicro EX
Labeling Kit
Always labeled as Cy3
Clone Number IMAGE ID UniGene Gene description Gene Symbol
# 1204 845053 Hs.121667 ESTs N. A.
# 6101 3861743 Hs.90107 adhesion regulating molecule 1 ADRM1
# 6103 3864167 Hs.406056 ESTs, Weakly similar to ribosomal protein L10a; 60S ribosomal protein L10a N. A.
# 6107 3874584 Hs.14839 polymerase (RNA) II (DNA directed) polypeptide G POLR2G
# 6271 4474242 Hs.375025 dopamine receptor interacting protein DRIP78
# 6560 3924686 Hs.30035 splicing factor, arginine/serine-rich 10 (transformer 2 homolog, Drosophila) SFRS10
# 6598 3917847 N. A. N. A. N. A.
# 6614 3920147 Hs.197877 mitofusin 1 MFN1
# 6990 4401980 Hs.3109 Rho GTPase activating protein 4 ARHGAP4

Always labeled as Cy5
Clone Number IMAGE ID UniGene Gene description Gene Symbol
# 6795 4362887 Hs.12272 beclin 1 (coiled-coil, myosin-like BCL2 interacting protein) BECN1
# 2992 3306493 Hs.171014 VGF nerve growth factor inducible VGF
# 0166 4049788 Hs.82283 5-methyltetrahydrofolate-homocysteine methyltransferase MTR
# 6185 4450981 Hs.91579 similar to hypothetical 34 kD protein ZK795.3 in chromosome IV MGC19606
# 1966 445088 Hs.152251 frizzled homolog 5 (Drosophila) FZD5
# 6350 4477826 Hs.367720 H3 histone, family 3A H3F3A

Table 2B. Dye-swapping Experiments Detected the Cross-reactivity of Certain Genes Caused by the Use of 3DNA Array 350RP Labeling
Kit
Always labeled as Cy3
Clone Number IMAGE ID UniGene Gene description Gene Symbol
# 6548 4340153 Hs.9880 peptidyl prolyl isomerase H (cyclophilin H) PPIH
# 6641 3922104 Hs.118722 fucosyltransferase 8 (alpha-1,6 fucosyltransferase) FUT8
# 6783 4366060 Hs.143102 amine oxidase, copper containing 2 (retina-specific) AOC2
# 0246 4287533 Hs.76038 isopentenyl-diphosphate delta isomerase IDI1
# 5222 1865194 Hs.146312 Homo sapiens clone 24820 mRNA sequence N. A.

Always labeled as Cy5 
Clone Number IMAGE ID UniGene Gene description Gene Symbol
# 0643 3937297 Hs.250535 rabaptin-5 RAB5EP

Table 3. Microarray Results Verified by Real-time Quantitative PCR 
Clone Number Gene name Fold-changes* induced by treatment with paclitaxel (Mean S. D.)

Microarrays Quantitative PCR (methods)
# 6176 Cyclin-dependent kinase inhibitor 1A - 1.24 0.24 -1.62 0.24 (TaqMan)
# 0883 Prostate differentiation factor - 0.98 0.25 -1.05 0.70 (SYBR Green)
# 1704 Hypothetical protein (MGC9850) - 0.5  0.43 -1.99 0.05 (SYBR Green)
# 5310 Asp-Glu-Ala-Asp/His box polypeptide 5 0.98 0.32 0.65 0.06 (TaqMan)
# 6258 Splicing factor proline/glutamine-rich 1.67 0.41 1.72 0.53 (SYBR Green)
* Fold changes are computed by a log-base-2 transformation on the ratio of average expression values
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MIAME (Minimal Information about a
Microarray Experiment) compliance

As the core laboratory for DNA microarray ser-
vice, we strive to provide most of the information
required by the MIAME. Except for the experimental
design and samples, we attempted to sufficiently
describe array design, hybridizations, measurements,
and normalization.  For the users of our DNA
microarray service, before submitting their microar-
ray results to be reviewed by journals, a partially
filled list of MIAME of GMRCL can be downloaded
from the website of GMRCL and be completed in
the Experimental designs and Samples sections.
Currently, we have phased out the 5-block spotting
design, GMRCL Human 7K set, version 1 (Fig. 1A),
and are producing only the slides of 2-block spotting
design, GMRCL Human 7K set, version 2 (Fig. 1B). 

DISCUSSION

Comparison between the spotted microarrays
and Affymetrix in-situ synthesized microarrays

The GMRCL is equipped with both spotted

cDNA microarray system and Affymetrix oligonu-
cleotide microarray system, and we consider these
two systems complementary to each other.  The
advantages of the spotted microarrays include a
lower cost for each microarray, flexibility in spotting
designs, and a direct comparison of the expression
profiles of the two samples, such as treated cells
(test) compared with untreated cells (control) or can-
cer (test) compared with healthy tissue (control).(18)

However, one of the disadvantages of the spotted
cDNA microarrays is that they only provide the rela-
tive gene expression ratio between tested samples
and control reference instead of a direct quantifica-
tion of the RNA expression of each sample. 

To date we only produce the GMRCL Human
7K microarrays, limiting its applications solely to
research projects on the human specimens.  From the
perspective of a core facility, the workload of main-
taining high quality cDNA clone set will double if
we add another set of cDNA clones of other species
such as mouse or rat. Nevertheless, upon the users’
request, we can purchase any commercially avail-
able, ready-to-spot cDNA clones or oligonucleotide

Fig. 9 The dye-swapping design of experiments reduced the variances caused by the cDNA microarray experiments. In those eight
slides with four repeated dye-swapping experiments, the colors red and green represent the specimens being labeled with Cy5 and
Cy3, respectively (as demonstrated in Figure 2). Histograms indicate the differences of the log transformed ratio of the duplicated
spots in the experiments using four repeated slides (A, B) and those in the dye-swapping experiments (C, D). The values that are
shown near each histogram are the mean differences of spots derived from each analysis.
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sets for mouse or rat, and develop the fine-tuning and
quality assurance of this system, although the cost of
the custom microarray is likely to increase.  An alter-
native is that the user can purchase the ready-to-use
microarrays of their choice, such as Agilent oligonu-
cleotide microarrays, and GMRCL will perform
hybridization and scanning.  If researchers have
already generated their own set of DNA clones of
any species, GMRCL has the flexibility to spot those
clones to produce specific microarrays and provide
custom-tailored service on the microarray analysis.  

Affymetrix GeneChips are produced using in
situ synthesize of tens of thousands of 25-base
oligonucleotides using the photolithography technol-
ogy.  In addition to the detection of single nucleotide
polymorphisms (SNPs), this type of oligonucleotide
microarrays is also useful for profiling gene expres-
sion where about 22 oligonucleotides (11 perfect
matches and 11 mismatches, Affymetrix U133
GeneChip) are used to measure the expression of
each gene.  The advantage of Affymetrix GeneChips
is that a complex computational manipulation can
convert these 22 fluorescent signals into actual
expression values.  On the other hand, the disadvan-
tage is that Affymetrix GeneChips cannot simultane-
ously compare the degree of gene expression of two
samples (test versus reference) on the same microar-
ray. For researchers using model systems other than
human, Affymetrix offers a series of GeneChips for
gene expression analyses of mouse, rat, fruit fly, E.
coli and others.

Functional annotation of our DNA clones using
the vocabularies in gene ontology

As our knowledge of functional genomics
increases, the annotation of each gene changes.  To
produce a dynamic, controlled vocabulary that can
be applied to all eukaryotes as the amount of biologi-
cal information grows, Gene Ontology (GO) has
been proposed as a tool for the unification of biolo-
gy.(19-21) The Gene Ontology Consortium was origi-
nally formed to develop shared, structured vocabu-
laries adequate for the annotation of molecular char-
acteristics across three model organisms: yeast
(Saccharomyces Genome database); fruit fly
(Drosophila genome database); and mouse (Mouse
Genome Informatics database).  The GO project is
currently developing a database resource that pro-
vides access not only to the vocabularies, but also to

annotation and query applications and to specialize
data sets resulting from the use of the vocabularies in
the annotation of genes and gene products.(20)

Three independent categories of GO include
molecular function, biological process, and cellular
component. Molecular function refers to what a gene
product does at the biochemical level using the
examples of enzyme, transporter, or ligand.(20)

Biological process is defined as a biological objec-
tive to which the gene product contributes using the
examples of cell growth and maintenance or signal
transduction.  Cellular component refers to the place
in the cell where a gene product is found, encom-
passing a broad concept of location as the place in
the cell where the gene product is active.  It should
be noted that the relationship between a gene product
to these three GO categories can be one-to-many and
result in more than one GO Identifier corresponding
to a single gene product.  For instance, tubulin could
be considered as both a GTPase and a constituent of
the mitotic spindle.  To help researchers who use the
GMRCL Human 7K set briefly capture the gene
function of DNA clones in this set, we classify DNA
clones according to the three categories of Gene
Ontology (Fig. 4).(22)

Replications in DNA microarray analyses
The routine use of sufficient replicates is very

important because variability can be very high in
microarray experiments.(23) In addition to the dupli-
cated spots for each DNA clones on our microarrays,
we also advocate the dye-swapping (also described
as dye reversals) strategy.(18) Our results indicate that
dye-swapping experiments result in smaller vari-
ances (Fig. 9).  Furthermore, results derived from
replicate data of the dye-swapping experiments are
more accurate because errors due to differential effi-
ciency of dye incorporation among RNA samples
have been minimized.  However, as reported in the
Results section, nine clones and six clones that were
significantly cross-reactive to Cy3- and Cy5- label-
ing primers in 3DNA Submicro EX kit (Genisphere),
respectively, should be interpreted with caution and
results should be verified using other methods such
as real-time quantitative PCR. The same is true for
five clones and one clone that were significantly
cross-reactive to Cy3- and Cy5-labeling primers,
respectively, in the 3DNA Submicro EX RP kit
(Genisphere).   
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DNA microarray analysis holds the promise for
the identification of candidate genes involved in a
variety of biological processes. However, most appli-
cations to date allowed identification of genes differ-
entially expressed at significant levels. The true chal-
lenge remains in using DNA microarrays to identify
genes that are consistently up regulated or down reg-
ulated by only 10 or 20% and still play significant
roles in the development and progression of dis-
ease.(24) The use of sufficient replications in the
design of experiments appears to be the first step to
achieving this through minimizing variations intrin-
sic in the DNA microarray technology.(23) Other
methods include the loop design in deciding the
number of microarrays used and assigning the dye
labeling for samples on each microarray.

MIAME compliance
Many journals have adopted the policy that

when interpreting microarray data  the authors
should submit sufficient information in the MIAME
format that was proposed by the Microarray Gene
Expression Data (MGED) group.(17) The MGED
group also suggested that journals require authors to
submit microarray data to either of two main public
repositories including GEO (www.ncbi.nlm.nih.gov/
geo/) or ArrayExpress (www.ebi.ac.uk/arrayexpress)
at or before acceptance for publication.(25)

The six components of MIAME include experi-
mental design, array design, samples, hybridizations,
measurements, and normalization of control
subjects,(16) which provide a checklist of variables
that should be included in every microarray publica-
tion.  For all of cDNA microarray assays done at the
GMRCL, the definitions of array design, hybridiza-
tion, measurements, and normalization of control
subjects are similar.  Therefore, the information in
this report provides the majority of MIAME for
every study, in which cDNA microarray assays per-
formed by the GMRCL are employed.  From the
website (http://www.cgmh.org.tw/intr/intr2/
c32a0/index.htm), the users of GMRCL can down-
load the MIAME checklist corresponding to the
arrays used and only have to fill in specific informa-
tion about experimental design and samples.

Current development of the spotted microarray
system in GMRCL

The current development of the spotted microar-

ray system in GMRCL included using minimal
amounts of total RNA, profiling gene expression of
peripheral blood samples, increasing the number of
human DNA clones, and extending the use of spotted
microarray technology to applications that are other
than cDNA microarrays and that are not limited by
the human clones. 

In order to use the smallest possible amount of
total RNA samples, a two-fold effort has been taken.
First, we continue to test various indirect labeling
methods for signal amplification on the microarrays.
For instance, the use of 3DNA Random Primer label-
ing kit (Genisphere) allowed us to decrease the input
total RNA amount to 2 µg without sacrificing the
signal intensities (data not shown).  Second, our
combined use of RiboAmp RNA Amplification kit
(Arcturus) and 3DNA Random Primer labeling kit
minimized the demand of total RNA input to less
than 0.5 µg and still resulted in satisfactory fluores-
cent signals on the microarrays (data not shown). 

Peripheral blood is among the most readily
available cell types, which researchers can obtain
from patients.  A recent report from Patrick Brown’s
group indicated acceptable biological variabilities
among individuals and the consistent changes of
gene expression in the peripheral blood of patients
with infections.(26) The PAXgene RNA purification
System for isolating total RNA from peripheral
blood was commercially available from PreAnalytic
Inc, a subsidiary of the Qiagen Company.  From 2.5
ml of peripheral blood, we isolated 5 to 10 µg of total
RNA, which was sufficient for one dye swapping
experiment using the 3DNA Random Primer labeling
kit (data not shown).  We believe analyses of gene
expression profiles in peripheral blood can be useful
in evaluating various clinical conditions such as
infectious diseases, allergies, and others.

The flexibility of the spotted microarray system
allows us to employ different spotting formats, thus,
allowing the microarrays to contain from tens of
thousands clones to less than one hundred clones.  To
cover broader cellular functions, we plan to double
the clones on the slides, hoping to launch the
GMRCL Human 15K set at the end of 2004.  On the
other hand, we can spot only a selected group of
genes to make the focused array for a specific pur-
pose.  For instance, selection of a set of human
cDNA clones that differentiate several types of
human cancer may help us in diagnosing metastatic
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cancers of undetermined primary tissue origin.
Furthermore, the spotted microarray system can spot
DNA clones of various sizes, including the 50-60 nt
oligonucleotides, 0.5-1.5 Kb cDNA, and up to 30 Kb
genomic DNA derived from bacterial artificial chro-
mosomes (BAC) vectors.  Currently, an increasing
number of oligonucleotide sets designed to study dif-
ferent species are available commercially, making
the shifting of applications from humans to other
species quick and easy.  Finally, even using the cur-
rent 7K Human cDNA clone set, we have established
a microarray-based comparative genomic hybridiza-
tion (CGH) assay that appears to be more sensitive
than cytogenetic analyses in detecting genomic
amplifications and deletions and more reproducible
than conventional CGH (manuscript in preparation). 

In conclusion, establishment of the spotted
DNA microarray system at any core facility requires
a series of protocol testing and instrument mainte-
nance to assure quality at each step of the DNA
microarray analysis.  However, despite of the labori-
ous work required for the spotted microarray system,
its excellent flexibility will ensure that microarray
laboratories worldwide continue to use this system.
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