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Efficient construction of cDNA libraries enriched for differentially expressed transcripts is an important first step in many bio-
logical investigations. We present a quantitative procedure for screening cDNA libraries constructed by suppression subtractive
hybridization (SSH). The methodology was applied to two independent SSHs from pearl millet and banana. Following two-color
cyanin dye labeling and hybridization of subtracted tester with either unsubtracted driver or unsubtracted tester cDNAs to the SSH
libraries arrayed on glass slides, two values were calculated for each clone, an enrichment ratio 1 (ER1) and an enrichment ratio 2
(ER2). Graphical representation of ERI1 and ER2 enabled the identification of clones that were likely to represent up-regulated tran-
scripts. Normalization of each clone by the SSH process was determined from the ER2 values, thereby indicating whether clones
represented rare or abundant transcripts. Differential expression of pearl millet and banana clones identified from both libraries by
this quantitative approach was verified by inverse Northern blot analysis.

INTRODUCTION

The identification of differentially
expressed genes and examination
of their patterns of expression are
important to gain information about
the functions relevant to processes
such as cell differentiation, morpho-
logical or metabolic changes, and
disease development. Various molec-
ular techniques exist for studying dif-
ferential gene expression, including
representational difference analysis,
suppression subtractive hybridiza-
tion (SSH), differential display, dif-
ferential hybridization, subtractive
library construction, serial analysis of
gene expression, and cDNA microar-
rays (1-6). In previous studies, SSH
libraries were screened to identify
cloned differentially expressed genes
by colony blot hybridization or cDNA
amplified fragment length polymor-
phism (AFLP) (7,8). However, these
methods are time-consuming and do
not allow the level of enrichment of
a transcript to be quantified. SSH has

also been used as a method to gen-
erate a cDNA library to use in sub-
sequent cDNA microarray expres-
sion profiling (9). We used cDNA
microarrays to screen PCR-amplified
clones from SSH libraries to iden-
tify genes from pearl millet [Pennis-
etum glaucum (L.) R.Br] and banana
(Musa acuminata) that are up-regu-
lated during defense responses. This
quantitative approach of determining
the extent to which transcripts were
enriched by the SSH process allowed
us to identify and exclude clones that
were not derived from up-regulated
transcripts and to determine whether
transcripts were rare or abundant.

MATERIALS AND METHODS

Plant Material and Growth
Conditions

Pearl millet breeding lines
ICML12=P7 and 842B were obtained
from the International Crops Research

Institute for the Semi-Arid Tropics ICR-
ISAT) India and ICRISAT Zimbabwe,
respectively. The seed was sterilized and
germinated on half-strength Murashige
and Skoog (MS) medium (10) at 25°C
with a 16 h light/8 h dark photoperiod.
Banana plants of a Fusarium oxysporum
f.sp. cubense (Foc)-tolerant Cavendish
selection and a Foc-susceptible Williams
cultivar were transferred into plastic
cups containing water and maintained in
a greenhouse at 18°-25°C with a 16 h
light/8 h dark photoperiod. Prior to inoc-
ulation, the plants were transferred to an
aeroponic system for root inoculation.

Plant Treatments

Leaves of 10-day-old ICML12=P7
and 842B pearl millet seedlings were
wounded by pricking leaves at 1 cm
intervals with a sterile needle. The
undersurfaces of the leaves were inoc-
ulated with a total of 100 UL of either
100 mg/mL chitin or a crude boiled
extract of flagellin from Bacillus sp.
Control pearl millet 842B seedlings
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were treated with deionized water.
Plates containing pearl millet seed-
lings were sealed with Micropore™
tape (3M, Isando, South Africa) and
incubated at 25°C with a 16 h light/8
h dark photoperiod.

Roots of 15 cm banana plants
were inoculated with a 105 spores/mL
Foc spore suspension by injecting
the roots with a sterile needle. The
inoculation point was sealed with
Parafilm® (Pechiney Plastic Packag-
ing, Menasha, WI, USA) to ensure
that spores were not washed off by
the aeroponic irrigation system. The
plants were maintained under the
same conditions as described above
until sampling.

RNA Isolation and cDNA Synthesis

RNA was isolated from leaf and
root tissue at different time intervals
after the treatment and pooled prior
to cDNA synthesis and SSH. Pearl
millet leaves were harvested 5, 14,
and 24 h post-elicitor treatment (hpe).
Banana root material was sampled at
3 and 6.5 h post-inoculation (hpi) and
immediately placed in liquid nitro-
gen.

Total RNA was prepared as previ-
ously described (11). Poly(A)* RNA
was purified from total RNA using an
Oligotex® mRNA Mini Kit (Qiagen,
Hilden, Germany). Double-stranded
cDNA was synthesized from mRNA
(pearl millet) and total RNA (banana)
using a cDNA Synthesis System
(Roche Diagnostics, Mannheim, Ger-
many).

Suppression Subtractive
Hybridization

SSH was performed as previously
described (11). Pearl millet cDNA
prepared from the elicitor-treated
samples was used as the “tester”
and from the control sample as the
“driver.” Similarly, banana cDNA
from Foc-infected Cavendish vari-
ety plants (tolerant) was used as the
tester and from infected Williams
(susceptible) plants as the driver.
The cDNA enriched for differentially
expressed transcripts was termed sub-
tracted tester (ST), whereas unsub-
tracted tester (UT) cDNA was pre-
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pared from treated pearl millet plants
and infected tolerant banana plants,
and unsubtracted driver (UD) cDNA
was prepared from control pearl
millet plants and infected susceptible
banana plants. The ratio of tester to
driver in both experiments was 300:1.
ST PCR amplification products rang-
ing from 0.2-1.2 kb were purified
and cloned as previously described
(11). The banana and pearl millet ST
libraries were constructed indepen-
dently by two researchers.

PCR-Based Control with Actin
Primers

ST, UT, and UD were used as tem-
plates in PCR with actin primers,
actinF (5~ ACCGAAGCCCCTCT-
TAACCC-3") and actinR (5’-GTAT-
GGCTGACACCATCACC-3").
Primers were designed to amplify a
cDNA fragment of the actin gene that
flanked an intron and did not contain
an Rsal restriction site. PCR amplifi-
cation was performed using Tag DNA
polymerase (Roche Diagnostics) at
55°C. Aliquots (5 pL) were removed
after 20, 25, and 30 PCR cycles and
electrophoresed on a 2% agarose gel.

Southern Blot Analysis

Ten microliters of each ST, UT, or
UD cDNAs were digested with Rsal
(Roche Diagnostics) to remove adap-
tors. PCR products minus adaptors
were excised from a 1.5% low melt-
ing point agarose gel and purified
using a QIAquick® Gel Extraction
Kit (Qiagen). Products were labeled
with digoxigenin (DIG)-dUTP using
a DIG DNA Labeling and Detection
Kit (Roche Diagnostics), according
to the manufacturer’s instructions.
Hybridizations were performed as
described previously (12), using
either 5 ng/uL DIG-labeled ST, UT,
or UD cDNAs. Hybridization signals
were detected using CDP-Star® as
outlined by the manufacturer (Roche
Diagnostics).

c¢DNA Microarray Analysis

Libraries containing 960 pearl
millet and 736 banana SSH clones
were arrayed onto silanized microar-

ray slides (Amersham Biosciences,
Little Chalfont, UK) using an Array
Spotter Generation III (Molecular
Dynamics, Sunnyvale, CA, USA).
Cloned inserts were PCR-amplified
using SP6 and T7 primers, purified
using Multiscreen® PCR Purification
Plates (Millipore, Molsheim, France),
and visualized on a 1% agarose
Electro-Fast® Stretch gel (ABgene,
Epsom, UK) prior to being roboti-
cally printed onto glass slides. On
average, 200 and 300 pg each of pearl
millet and banana SSH fragments,
respectively, were spotted. The uidA,
luc, and bar genes and a fungal rDNA
internal transcribed spacer (ITS)
fragment were also printed to serve
as controls for global normaliza-
tion. Two hundred nanograms of ST,
UT, or UD cDNA probes, following
the removal of adaptor sequences,
were labeled by the incorporation
of Cy™S5 or Cy3 dUTP (Amersham
Biosciences) using Klenow enzyme
(USB, Cleveland, OH, USA) as pre-
viously described (13). Each hybrid-
ization was performed in duplicate
with the reverse cyanin dye labeling
of the probes. To ensure that high
background hybridization does not
occur due to incomplete removal of
adaptor sequences, we recommend
prehybridization with unlabeled
adaptor sequences. Reactions were
spiked with cyanin-labeled uidA (0.3
ng), luc (0.03 ng), and bar (3 ng)
genes and a fungal ITS fragment (3
ng). After incubation at 37°C for 20
h, the probes were purified using a
Multiscreen® PCR Purification Plate
(Millipore, Molsheim, France) and
eluted in 45 UL sterile distilled water.
The probe was dried in a SPD111V
vacuum centrifuge (Savant, Hol-
brook, NY, USA) and resuspended
in DIG Easy Hyb Buffer (Amersham
Biosciences). The glass slide was
initially incubated in pretreatment
solution [3.5% standard saline citrate
(SSC), 0.2% sodium dodecyl sulfate
(SDS), 1% bovine serum albumin
(BSA)] without probe at 60°C for 20
min. The glass slide was placed in a
HybUP hybridization chamber (NB
Engineering, Pretoria, South Africa)
with the probe at 42°C for 16 h. After
hybridization, the slides were washed
for 4 min at 42°C with 1x SSC/0.2%
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Table 1. Primary Microarray Data

http://fabinet.up.ac.za/microarray/SSH/Banana_raw_data.xls
http://fabinet.up.ac.za/microarray/SSH/Banana_modified_data.xls
http://fabinet.up.ac.za/microarray/SSH/Banana_microarray_image.jpg
http://fabinet.up.ac.za/microarray/SSH/PearlMillet_raw_and_maodified_data.xls
http://fabinet.up.ac.za/microarray/SSH/PearlIMillet_microarray_image.jpg

SDS, 0.1x SSC/0.2% SDS (twice),
followed by three washes in 0.1x
SSC for 1 min at room temperature.

gen, and scanned with a Genepix™
4000B scanner (Axon Instruments,
Foster City, CA, USA). The computer

The slides were rinsed with distilled
water, dried with high-pressure nitro-

program ArrayVision™ (Molecu-
lar Dynamics) was used to localize

1 2 34 5 6 7 8

9 10 11 12

Figure 1. Amplification of the banana actin gene from subtracted tester, unsubtracted tester, and
unsubtracted driver cDNA samples. Lanes 1 and 6, DNA Molecular Weight Marker XIV, 100 bp lad-
der (Roche Diagnostics); lane 2, water control; lanes 3-5, subtracted tester (ST), unsubtracted tester
(UT), and unsubtracted driver (UD) after 20 amplification cycles; lanes 7-9, ST, UT, and UD after 25
amplification cycles; lanes 10-12, ST, UT, and UD after 30 amplification cycles.

$t N .

Figure 2. Southern hybridizations to pearl millet subtracted tester (lane 1), unsubtracted tester
(lane 2), and unsubtracted driver (lane 3) to analyze library-specific enrichment following SSH.
Identical filters were independently hybridized with complex probes derived from (A) subtracted tester
(ST), (B) unsubtracted tester (UT), and (C) unsubtracted driver (UD). M represents a digoxigenin (DIG)-
labeled Marker III (Roche Diagnostics). SSH, suppression subtractive hybridization.
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and integrate every spot on the array
(Table 1).

Enrichment ratios of ST:UD
(ER1) and ST:UT (ER2) were cal-
culated from experiments performed
in duplicate. For each clone, back-
ground signal intensities were sub-
tracted, signal intensities of duplicate
spots on glass slides were averaged,
and spots with a signal-to-noise ratio
of less than 2 (banana) or 3 (pearl
millet) were rejected. Global nor-
malization of data for the cyanin dye
effect was performed using a control
gene set to calculate normalization
functions ¢ and ¢’ for each pair of dye
swap slides (14). To determine ERI1,
slides were hybridized with ST and
UD. ER1 was calculated using the
following formula (14):

Ya[log, Cy3 ST/Cy5 UD -c -
(log, Cy3 UD/Cy5 ST - ¢)]

ER2 was calculated in the same way,
following hybridizations with ST and
UT. UT/UD values (Table 2) were cal-
culated from the ER1 and ER2 values
as follows. Because ER1 - ER2 ~ log,
ST/UD - log, ST/UT = log, UT/UD,
therefore UT/UD = antilog of (ERI1
- ER2) in the base 2. The primary
data sets, along with a figure showing
hybridization to the microarrays, are
shown in Table 1.

rRNA redundancy for pearl millet
and banana libraries was determined
by hybridizing glass microarray
slides with pearl millet and banana
rDNA probes, respectively. A clone
was considered to have hybridized
to an rDNA probe if its fluorescence
was more than two standard devia-
tions above local background fluores-
cence (15).

Inverse Northern Dot Blots

Amplified, denatured inserts of
selected clones from banana and pearl
millet SSH libraries were applied
to a positively charged Hybond™
nylon membrane (Amersham Biosci-
ences) as previously described (11).
Poly(A)* mRNA, used for pearl millet
probe generation, was isolated from
50 ug freshly prepared total RNA
(tester and driver). Banana tester and
driver probes were prepared from 30
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pg total RNA. cDNA was labeled ArrayVision was used to calculate
with DIG-dUTP using the DIG DNA signal density, following normaliza-
Labeling and Detection Kit. Hybrid- tion by comparing values of rDNA
izations were performed as described dots. Inverse Northern expression
previously (12), using 20 ng/uL  ratios were calculated by dividing
cDNA. Hybridization signals were normalized density measurements for
detected using CDP-Star. each clone hybridized with the tester

ER1

ER1

4.0 5(0

ER2

Figure 3. Screening pearl millet (A) and banana (B) SSH libraries on glass microarray slides.
Suppression subtractive hybridization (SSH) enrichment ratio 1 (ER1) is plotted against SSH enrich-
ment ratio 2 (ER2). ER1 was calculated for each clone by log, transforming the value of the subtractive
tester (ST) fluorescence divided by the unsubtracted driver (UD) fluorescence. ER2 for each clone was
calculated by log, transforming the value of the ST fluorescence divided by the unsubtracted tester (UT)
fluorescence. The diagonal line indicates clones derived from transcripts of equal abundance in UD and
UT (i.e., ER1 = ER2). Clones that lie above the diagonal line represent transcripts that are induced upon
treatment (ER1 > ER2), while those below the line indicate transcripts that have escaped the subtraction
(ER1 < ER2). Clones above the line with a positive ER2 value represent rare transcripts, whereas clones
above the line with a negative ER2 value are regarded as abundant and have been reduced in relative
concentration during normalization.
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probes, with values for the same
clones hybridized with the driver
probe.

RESULTS AND DISCUSSION

SSH cDNA Library Construction

To identify differentially expressed
pearl millet defense response genes,
SSH was performed between cDNAs
from the downy mildew-resistant line
ICML12=P7 that had been wounded
and treated with elicitors and cDNAs
from an untreated downy mildew sus-
ceptible line, 842B. SSH experiments
for banana were designed to isolate
unique defense response genes from
a tolerant variety in response to Foc.
SSH was therefore performed using
two near-isogenic banana cultivars,
a Cavendish selection (tolerant) and
Williams (susceptible) from the Cav-
endish group of banana varieties.

Two tests were performed to inves-
tigate the efficiency of the SSH. First,
PCR was used to amplify a represen-
tative housekeeping gene (actin) to
show the successful removal (reduc-
tion in the levels) of this gene in the
ST material (result for the banana
SSH shown in Figure 1). Specific
PCR products were visible after 20
cycles from the UT and UD material,
whereas no PCR product was detected
in the ST material even after 30 PCR
cycles. In addition, the efficiency of
subtraction was evaluated by South-
ern blot analysis. Complex ST probes
hybridized mainly to the ST PCR
products, with far less hybridization
to UT and UD PCR products (Figure
2A). Furthermore, very little UT and
UD probe hybridized to the ST mate-
rial (Figure 2, B and C), demonstrat-
ing gene transcripts common to both
UD and UT had been removed by the
subtraction and thus implying enrich-
ment for tester-specific transcripts.
Similar results were obtained with the
banana SSH (data not shown). The
SSH procedure yielded cDNA librar-
ies of 960 pearl millet clones and 736
banana clones.

Screening of the SSH Libraries
Using Glass Slide Microarrays

822 BioTechniques

Table 2. Validation of Microarray Screening of Selected Pearl Millet and Banana SSH

Clones by Inverse Northern Data

Clone No. ER12 ER2P UT/UD Ratio® Inverse Northern
Expression Ratiod
Pearl Millet
3-D5 1.4 0.2 2.3 34.3
4-H11 1.2 0.3 1.9 21.1
10-B7 1.0 0.2 1.7 111
4-H9 0.6 0.3 1.2 9.3
5-C3 1.5 0.7 1.7 7.9
1-B7 1.6 0.5 2.1 7.2
6-A2 1.2 0.7 1.4 6.3
8-D7 1.0 0.4 15 6.2
4-A2 0.9 0.03 1.8 5.8
4-E12 0.9 -0.02 1.9 5.4
7-D7 1.6 0.8 1.7 5.3
2-A12 3.6 3.4 1.1 3.6
6-F1 2.6 2.0 15 3.3
2-A8 3.6 3.3 1.2 2.6
6-H1 2.2 1.9 1.2 25
6-C2 3.0 2.7 1.2 2.3
6-D1 2.6 25 1.1 15
3-H3 4.3 3.1 2.3 1.3
6-G2 2.0 1.7 1.2 1.1
10-C6 -0.3 1.5 0.3 0.9
Banana
2-35 0.3 -0.1 1.3 6.9
2-21 1.8 0.9 1.9 1.5
2-18 2.1 15 1.6 1.4
2-45 1.4 1.0 1.3 1.0
1-1 0.8 0.9 0.9 0.98
2-14 0.7 0.9 0.9 0.97
3-94 -0.1 0.2 0.8 0.94
2-134 15 1.6 0.9 0.1
3-156 0.6 0.8 0.9 0.1
SSH, suppression subtractive hybridization; ST, subtracted tester; UD, unsubtracted driver; UT, unsub-
tracted tester.
abEnrichment ratio 1 and 2 (ER1 and ER2) were calculated from the microarray screening as
log,(ST/UD) and log,(ST/UT), respectively.
CUT/UD = antilog of (ER1 - ER2) in the base 2.
9The inverse Northern expression ratio was calculated as follows: density of tester/density of driver sam-
ples after normalization of the data using an rDNA clone.

cDNA microarray technology was
used to perform a high-throughput
screen of the pearl millet and banana
SSH cDNA libraries to identify genes
expressed in response to pathogen
elicitor treatment and Foc infection,
respectively, and to obtain informa-
tion about the relative abundance of
these gene transcripts upon induction
of plant defense responses. The aim
was to identify and discard house-
keeping and rRNA genes that had
escaped subtraction and to select

defense response-associated genes
for sequencing.

The SSH libraries arrayed on the
glass slides were screened with rDNA
clones from pearl millet or banana.
The rDNA probes hybridized to 5% of
the pearl millet clones and 28% of the
banana clones (data not shown). The
banana library had been made from
total RNA, whereas the pearl millet
library had been made from mRNA,
which may explain why more banana
rDNA clones escaped subtraction.
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After hybridization with combi-
nations of the SSH cDNAs, enrich-
ment ratios were calculated for ST:
UD (ER1) and ST:UT (ER2). A posi-
tive ER1 or ER2 value indicates tran-
scripts that have been enriched during
subtraction relative to their levels in
UD or UT, respectively. Conversely,
negative ER1 or ER2 values indicate
transcripts that have been reduced
in abundance during SSH relative
to their levels in UD or UT, respec-
tively, due to normalization. Normal-
ization equalizes the concentration
of individual transcripts, which may
be present at very different concen-
trations prior to normalization (2).
This has the advantage of enriching
for rare transcripts in the subtracted
tester samples and reducing the levels
of abundant transcripts.

Relative abundance of cDNAs in
UD and UT was visualized by plotting
ER1 versus ER2 for individual pearl
millet and banana clones (Figure 3).
The diagonal line on each graph (ER1
= ER?2) in Figure 3 represents similar
levels of enrichment/normalization
during SSH relative to UD and UT.
Clones lying on this line are derived
from transcripts of equal abundance
in UD and UT. The majority of clones
(77% for the pearl millet SSH and
63% for the banana SSH) lie above
this line (ER1 > ER2), indicating a
greater abundance of these transcripts
in UT than in UD and confirming that
each SSH has enriched for transcripts
that are up-regulated in the tester.
Clones above the diagonal line with
positive ER2 values are likely to be
derived from low abundance tran-
scripts; expression of some of these
may be difficult to detect in Northern
blots, and accurate comparisons of
gene expression between tester and
driver may require real-time reverse
transcription PCR (RT-PCR). Sev-
eral clones above the diagonal line
showed negative ER2 values, repre-
senting transcripts enriched relative
to levels in UD and reduced in abun-
dance during normalization relative to
levels in UT. This was more evident
in the banana SSH (Figure 3B). Such
clones represent abundant transcripts
specifically up-regulated in the tester
that should be readily detected in
Northern blot analyses.
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Inverse Northern Blot Analysis of
Selected Transcripts

To wvalidate conclusions drawn
from comparisons of ER1 and ER2
and to confirm that clones are derived
from differentially expressed tran-
scripts, clones from each library were
selected for inverse Northern blot
analyses. These clones were arrayed
in duplicate on dot blots and hybrid-
ized to freshly prepared nonamplified
tester and driver cDNAs.

ER1 and ER2 ratios from the
microarray screening (Figure 3),
together with the inverse Northern
expression ratios of the selected pearl
millet and banana clones, are shown
in Table 2. Clones with ER1 > ER2
had inverse Northern expression
ratios greater than one, confirming
that these clones represented tran-
scripts that were up-regulated in the
tester compared to the driver (data for
19 pearl millet and 4 banana clones
are shown in Table 2). Clones where
ER1 < ER2 showed inverse North-
ern expression ratios of less than one
(10-C6, 1-1, 2-14, 3-94, 2-134, 3-
156) confirmed that they represented
transcripts that were more abundant
in the driver than the tester and that
these clones had escaped the subtrac-
tion process. In order to relate the
inverse Northern and microarray data,
aratio of UT/UD was calculated from
the ER1 and ER2 ratios (Table 2).
As expected, inverse Northern ratios
correlated with UT/UD ratios (i.e.,
clones with inverse Northern ratios
>1 had UT/UD values >1), whereas
clones with inverse Northern ratios
<1 gave UT/UD <1 (Table 2).

Although the majority of clones in
the two SSHs showed ER1 > ER2, there
were differences between the two SSHs
(Figure 3). The pearl millet SSH, which
used mRNA for the subtraction and was
based on treated tester and untreated
driver material, yielded a majority of
clones that were enriched in ST rela-
tive to UT. In contrast, the banana SSH,
based on total RNA and involving tester
and driver samples treated in the same
way (i.e., both challenged with Foc),
but in which different defense responses
were anticipated, yielded more clones
that were reduced in abundance in
ST relative to UT. Many of the clones
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enriched in this latter SSH were of
equal or greater abundance in UD than
UT. Therefore, whereas the vast major-
ity of clones in the pearl millet SSH
could be confidently included in down-
stream analyses as likely derived from
up-regulated genes, many of the clones
in the banana SSH would be eliminated
from further analyses. This emphasizes
the value of the approach for quantita-
tive characterization of the SSH and in
selecting clones for further study.

We have effectively demonstrated
the use of cDNA microarrays to
screen two independently constructed
pearl millet and banana SSH libraries
in a rapid, high-throughput manner.
The major advantages of our screen-
ing method are that it provides an
objective and quantitative way to
identify differentially expressed
genes as well as to determine the rel-
ative abundance of transcripts in the
original UT samples.

Previous studies have used inverse
Northern blot analysis to screen SSH
libraries in which PCR products or col-
onies are dotted onto nylon membranes,
and the driver and tester cDNAs are
labeled with radioactivity (2,7). This
method has disadvantages; namely, that
comparisons are made between two sep-
arate membrane hybridizations, which
introduces error, and the interpretation
is qualitative (7) unless a laboratory has
access to a phosphorimager. In contrast
to membrane-based methods, hybrid-
ization to glass slide cDNA microar-
rays can be performed with different
fluorescent tags, which allows a direct
comparison of the relative abundance
of transcripts in ST, UT, and UD. Fur-
thermore, hybridizations are performed
on a small surface area, which reduces
the amount of labeled probe needed.
Finally, the computerized scanning of
the array provides a high-throughput
quantitative method to choose which
genes to sequence and study further
using Northern blot analysis, real-time
RT-PCR, or a custom microarray.

ACKNOWLEDGMENTS

N.V. and B.G.C. contributed equally
to this manuscript. The authors wish
to thank Daniel Theron (University of
Pretoria) for technical assistance with

824 BioTechniques

microarray hybridizations and data
analysis. Pearl millet research was
funded by the African Centre for Gene
Technologies, and banana research was
funded through THRIP, the National
Research Foundation of South Africa,
and the Banana Growers’ Association
of South Africa (BGASA).

COMPETING INTERESTS
STATEMENT

The authors declare no competing
interests.

REFERENCES

1.Lisitsyn, N. and M. Wigler. 1993. Cloning
the differences between two complete ge-
nomes. Science 259:946-951.

2.Diatchenko, L., Y.-F.C. Lau, A.P. Campbell,
A. Chenchik, F. Mogadam, B. Huang, S.
Lukyanov, K. Lukyanov, et al. 1996. Sup-
pression subtractive hybridization: a method
for generating differentially regulated or tis-
sue-specific cDNA probes and libraries. Proc.
Natl. Acad. Sci. USA 93:6025-6030.

3.Liang, P. and A.B. Pardee. 1992. Differen-
tial display of eukaryotic messenger RNA by
means of the polymerase chain reaction. Sci-
ence 257:967-971.

4.Tedder, T.F., M. Strueli, S.F. Schlossman,
and H. Saito. 1988. Isolation and structure
of a cDNA encoding bl (CD20) cell-surface
antigen of human B lymphocytes. Proc. Natl.
Acad. Sci. USA 85:208-212.

5.Velculescu,V.E., L. Zhang, B. Vogelstein,
and K.W. Kinzler. 1995. Serial analysis of
gene expression. Science 270:484-487.

6.Schummer, M., W. Ng, P.S. Nelson, R.E.
Bumgarner, and L. Hood. 1997. Inexpensive
handheld device for the construction of high-
density nucleic acid arrays. BioTechniques
23:1087-1092.

7.Mahalingam, R., A. Gomez-Buitrago, N.
Eckardt, N. Shah, A. Guevara-Garcia, P.
Day, R. Raina, and N.V. Fedoroff. 2003.
Characterizing the stress/defense transcrip-
tome of Arabidopsis. Genome Biol. 4:R20.1-
R20.14.

8.Birch, P.R.J., A.O. Avrova, J.M. Duncan,
G.D. Lyon, and R.K. Toth. 1999. Isolation
of potato genes that are induced during an
early stage of the hypersensitive response to
Phytophthora infestans. Mol. Plant Microbe
Interact. 712:356-361.

9.Yang, G.P., D.T. Ross, W.W. Kuang, P.O.
Brown, and R.J. Weigel. 1999. Combining
SSH and ¢cDNA microarrays for rapid iden-
tification of differentially expressed genes.
Nucleic Acids Res. 27:1517-1523.

10.Murashige,T. and F. Skoog. 1962. A revised
medium for rapid growth and bioassays with
tobacco tissue cultures. Physiologia Planta-
rum /5:473-497.

11.Hein, I., E.I. Campbell, M. Woodhead, P.E.

Hedley, V. Young, W.L. Morris, L. Ramsay,
J. Stockhaus, et al. 2004. Characterisation of
early transcriptional changes involving mul-
tiple signalling pathways in the Mlal3 barley
interaction with powdery mildew (Blumeria
graminis f. sp. hordei). Planta 218:803-813.

12.Southern, E.M. 1975. Detection of specific
sequences among DNA fragments separated
by gel electrophoresis. J. Mol. Biol. 98:503-
517.

13.Ramonell, K.M., B. Zhang, R.M. Ewing, Y.
Chen, D. Xu, G. Stacey, and S. Somerville.
2002. Microarray analysis of chitin elicitation
in Arabidopsis thaliana. Mol. Plant Pathol.
3:301-311.

14.Yang, Y.H., S. Dudoit, P. Luu, D.M. Lin, V.
Peng, J. Ngai, and T.P. Speed. 2002. Nor-
malization for cDNA microarray data: a ro-
bust composite method addressing single and
multiple slide systematic variation. Nucleic
Acids Res. 30:e15.

15.Leung, Y.F. and D. Cavalieri. 2003. Funda-
mentals of cDNA microarray data analysis.
Trends Genet. /9:649-659.

Received 23 January 2004; accepted
15 July 2004.

Address correspondence to:

Dave K. Berger

Department of Botany

Forestry and Agricultural Biotechnology
Institute (FABI)

University of Pretoria

0002 South Africa

e-mail: dave.berger@up.ac.za

Vol. 37, No. 5 (2004)



