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Methods

Expression Profiling by iAFLP: A PCR-Based
Method for Genome-Wide Gene

Expression Profiling

Shoko Kawamoto,' Tadashi Ohnishi,' Hiroko Kita," Osamu Chisaka,?
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!Institute for Molecular and Cellular Biology, Osaka University, 1-3, Yamada-oka, Suita, Osaka 565 Japan; 2Department
of Biophysics, Faculty of Science, Kyoto University, Oiwake machi, Sakyo-ku, Kitashirakawa, Kyoto 606 Japan

The availability of comprehensive sets of genes has prompted the researchers to carry out systematic collection
of gene expression data. RT-PCR has the highest specificity and sensitivity for transcript detection among all
available methods. Low throughput, especially when quantitative data are desired, has precluded RT-PCR from
genome-wide application. Here we report a PCR-based expression profiling method, introduced amplified
fragment length polymorphism (iAFLP), that has the same specificity and sensitivity as RT-PCR and a
throughput level comparable to that of DNA-microarray hybridization. In this method, restricted ends of total
cDNAs from six sources were ligated with adaptors having various length of short insertions to a common
sequence (polymorphic adaptors). Amplification of a pool of these differentially adapted ¢cDNAs with a
gene-specific primer and an adaptor primer allows us to quantitate the abundance of any transcript in six
mRNA sources. Using three different primer colors this technique allows quantitation of expression of 864
genes across six different sources per day with a single autosequencer, which is comparable to the throughput of

microarray analysis in terms of number of genes x number of sources.

To date, the complete genome sequences of 17 organ-
isms have been reported and expressed sequence tags
(ESTs) collection for the last decade has produced par-
tial sequence of at least 50,000 human genes (Deloukas
et al. 1998).

Availability of a comprehensive set of genes has
prompted the researchers to carry out systematic col-
lection of gene expression data. Various methods for
analyzing gene expression (Adams et al. 1992; Liang
and Pardee 1992; Okubo et al. 1992; Kato 1995), hy-
bridization of high-density arrays of DNA, oligomers
(McGall et al. 1996; Wodicka et al. 1997) or PCR prod-
ucts (Lockhart et al. 1996; Iyer et al. 1999), have been
used, because they provide high throughput in the
numbers of genes tested at one time. Although a single
transcript in a cell theoretically may be detected (Dug-
gan et al. 1999), it is still unclear what proportion of
arrayed DNAs give informative signals. Individual gene
probes in labeled cDNA/cRNA have unique secondary
structures, melting temperatures, and reassociation
rates (Southern et al. 1999), which makes hybridiza-
tion of all gene probes under optimum condition
nearly impossible. In contrast, RT-PCR is the most sen-
sitive and specific of all techniques available for tran-
script detection (Becker-Andre et al. 1989). The major
drawback of genome-wide application of RT-PCR is
low throughput, especially when quantitative data are
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desired. For the analysis of thousands of transcripts
with concentrations that differ as much as 1000-fold
(Okubo et al. 1992), noncompetitive PCR has the criti-
cal disadvantage that it requires a standard curve for
every primer pair (Singer-Sam et al. 1990) and quanti-
tation by competitor fragments for each gene is not
realistic. Kato proposed that engineered total cDNA
from different sources replace the competitor DNA for
every transcript species (Kato 1997). We have ex-
panded this idea and developed a protocol to provide
high throughput. Here we report a novel PCR-based
protocol, introduced-amplified fragment length poly-
morphism (iAFLP), that allows relative quantitation of
transcript concentration across as many as six mRNA
sources in a single PCR reaction. We also describe a
method to apply this protocol to minute amounts of
sample and to increase the throughput to levels com-
parable to those of DNA chip hybridization.

RESULTS

Expression Profiling With i AFLP

A set of adaptors that mimic a length-polymorphic lo-
cus were designed. These adaptors have common se-
quences at both ends and sequences of different
lengths internally. The polymorphic portion of the
adaptors was composed with degenerate A, C, and T
residues to neutralize sequence-specific effects of the
adaptors on the amplification kinetics (Fig. 1B). Liga-
tion of these adaptors to restricted cDNA fragments
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Figure 1 (A) A schematic diagram of expression profiling by iAFLP. For details, see text. (B) iAFLP adaptors.

from multiple sources yielded source-specific length-
polymorphism on the cDNA ends. From a pool of such
adapted cDNAs, any gene sequence can be amplified as
length-polymorphic fragments when a gene-specific
primer and an adaptor primer [F-T7(25)] are used
(Fig. 1A).

Because of the nearly identical sequence content
and common primer annealing sites, the polymorphic
fragments should have similar amplification efficien-
cies. Therefore, the relative concentrations of the tran-
script from different sources should be reflected in the
amount of corresponding polymorphic products. The
relationship between the ratio of polymorphic prod-
ucts (IAFLP profile) and the ratio of targets in mRNAs
was confirmed by two methods. First, Mbol-digested
human hepatoblastoma hepG2 cDNA was divided be-
tween six tubes and ligated to different iAFLP adaptors.
These ligation mixtures were pooled at 24 different ra-
tios by adding two- to fivefold excess of one of each
adapted cDNA into an even mixture of all adapted
cDNAs. In these mixtures, every transcript has con-
trolled relative abundance across differentially adapted
cDNAs. As an example, the concentration of GAPDH
was measured by PCR with antisense GAPDH primer
and dye-labeled adaptor primer F-T7(25) (Fig. 2A).
Within the mixing range of 1:2 to 1:5, all cDNA pools
gave iAFLP profiles proportional to the original mixing
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ratios (Fig. 2B). Similar profiles were obtained with
other gene-specific primers tested (data not shown).
The quantitation errors for the highest peaks [(ob-
served excess ratio/true excess ratio) — 1] in 24 pools
were +12% on average with a standard deviation of
4.2%.

Then, the results of iAFLP profiles were compared
with results of Northern hybridization. Equal amounts
of poly(A) RNAs from six human tissues were con-
verted to cDNAs and ligated with one of the polymor-
phic adaptors after cleavage with Mbol. These six liga-
tion mixtures were pooled equally and used as a tem-
plate. The iAFLP profiles of four genes with various
expression patterns, GAPDH, troponin C, neurofila-
ment L, and cathepsin L, were compared with North-
ern hybridization signals from the corresponding
probes (Fig. 3). The intensities of hybridization signals
and peak areas of polymorphic fragments correlated
very well within a wide range of expression levels.

Enhancing the Throughput of iAFLP

Using the present protocol, which allows direct com-
parison of six sources, unlimited numbers of RNAs can
be compared by including one reference cDNA sample
in different pools. We tested the relative quantitation
of transcript in 30 tissues by making six pools (pools A
to F) of six adapted cDNAs (Fig. 4B). As a reference
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Figure 2 iAFLP profiles of standard template pools. Twenty-four standard template pools of

different composition were made by adding one- (x2) to fourfold (x5) excess of each component
to the even pool of six differentially adapted hepG2 cDNAs (LP40 through LP55). The GAPDH
primer and 5-Fam T7(25) primer were used for amplification. Chromatographic pattern of PCR
products (A) and the normalized area for each peak (B). Excess component (LP40 through LP55)

Application to Microsamples

To expand the application of
this protocol to minute amounts
of sample, we tested PCR ampli-
fication of total cDNA before
iAFLP adaptor ligation. First, we
evaluated the distortion in com-
position of total cDNA made by
PCR amplification. From a frac-
tion of an adapted total hepG2
cDNA, the most 3’ fragments
were amplified (01000-fold with
primers that anneal to the
adaptor and vector-primer. Af-
ter amplification, the adaptor
portion was cleaved off with
Mbol and replaced with another
iAFLP adaptor. From the 3" ESTs
of hepG2 cells deposited in
GenBank, 192 independent se-
quences were selected for analy-
sis. The concentrations of these
192 sequences in the cDNA be-
fore and after the amplification
were compared by iAFLP (Fig.5).
Among 192 gene-specific prim-

and excess ratio (x2 through x5) are indicated.

cDNA, we pooled 30 cDNAs before adaptor ligation
and included in every pool as one component. Anti-
sense primers were designed based on the sequence of
the most 3’ Mbol fragment of cDNAs for GAPDH, apo-
lipoproten B, neurofilament L, and troponin C. Each
primer was used to amplify pools A through F with
F-T7 primer (Fig.4A). To save the lanes required for the
analysis, a primer with 5-Fam (blue) label was used for
pools A and D, Hex (green) for B and E, and Tamra
(yellow) for C and F. After PCR, reactions with different
dyes were pooled and loaded onto one lane. By nor-
malizing the peak area for each source relative to the
reference peak in the same pool, concentrations of
transcripts in different pools can be compared (Fig.4C).
The relative concentration of gene transcripts in 30
human tissues were determined (Fig.4C). The sum of
normalized peak areas across 30 tissues were 25 (NF-L,
Apo B), 28 (troponin C), and 32 (GAPDH). Because the
reference is an even pool of 30 cDNAs, these values,
which were close to the expected value of 30, suggest
that quantitation is reliable. Moreover, the reference
allowed accurate comparison by dividing the differ-
ence in expression levels into two smaller factors. For
example, the very weak expression of troponin C in
adipose tissue probably originated from a rich vascular
bed (pool F, third position), is titrated as 1:75 of ex-
pression in skeletal muscle (pool E, second position).

ers, 175 primers yielded PCR

products with expected sizes.

The ratios of post-PCR to pre-
PCR concentration of these 175 sequences ranged from
0.6 to 1.5, with an average of 1.1 and standard devia-
tion of 0.24. We found a moderate correlation between
amplification efficiency and lengths of cDNA frag-
ments. If concentrations are compared between ampli-
fied total cDNAs, the error would probably be smaller
because the preferred sequence would be amplified ef-
ficiently in any sample. For example, a mouse embryo
at 9.5 dpc (13 somite stage) was dissected into five dif-
ferent parts and the anatomical distribution of two
morphogenic gene transcripts, hindbrain-specific krox
(Nonchev et al. 1996) and somite-specific Mox-1 (Can-
dia et al. 1992), were monitored with amplified iAFLP.
The reported distribution of each of these transcripts is
well reproduced (Fig. 6). For krox20 gene, second
primer (krox20-2), which anneals to 18 bp distal to the
first one (krox20), was used to confirm the expression
pattern.

DISCUSSION

In competitive PCR, the ratio of products sometimes
does not reflect the ratio of competitor to target when
the reactions are run to saturation (Volkenandt et al.
1992; Pannetier et al. 1993) . Morrison and Gannon
(1994) clearly demonstrated that the plateau onset is
simultaneous for all amplicons. Therefore, if the com-
petitor and target have similar amplification efficien-
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Figure 3 Comparison of Northern hybridization results with iAFLP profiles. The same set of six human tissue poly(A) RNAs was used for
Northern blotting and cDNA synthesis in template pool preparation for iAFLP profiling. For each gene, Northern hybridization signals (A),
intensities of those signals (B), and an iAFLP profile (C) are shown. Values below the iAFLP profile are sizes assigned for peaks by the
GenScan software (PE Biosystems). On the x-axis is fluorescence intensities in arbitrary units measured by 377 sequencer (PE Biosystems).
(GAPDH) Glyceraldehyde-3-phosphodehydrogenase; (Tn C) cardiac troponin C; (NF-L) neurofilament L; (CTS-L) cathepsin L.

cies, the ratio of products reflects the ratio of targets
well after the reaction reaches saturation. McCulloch
et al. (1995) showed that homologous fragments with
size differences smaller than 50 bp meet this require-
ment. In our protocol, the ratio of differentially
adapted gene-specific amplicons in the PCR product,
with size differences of at most 15 bp, reflected very
well the initial ratio of targets.

In comparative gene expression analysis, through-
put should be compared in terms of number of genes
tested X number of sources compared. Obviously, the
throughput of our protocol is limited by the separation
and detection of PCR products on an autosequencer.
The necessity of size separation precluded the possibil-
ity of using colorimetric detection or real-time quanti-
tation. Nevertheless, we can use three colors for dye-
primers that permit the application of 288 reactions on
a single sequencing gel, leaving one color for size stan-
dards. As shown in Figure 4, spectrum leaks in the
neighboring windows can be eliminated by using a
properly calculated matrix. Therefore, the throughput
for a single 2-hr run is 96 genes X 6 sources X 3 col-
ors = 1728 gene X sources. Assuming three runs a day,
5184 genes X sources can be analyzed per day per ma-
chine. This throughput is comparable to that of a
single microarray hybridization. The number of PCR
reactions required for sample preparation is 864, which
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is easily generated by one thermocycler that accepts
two 384-well plates.

There are several advantages of our protocol over
microarray-based expression studies. The signal for any
gene-specific primer is first validated by the size of the
PCR product, which is determined to a single nucleo-
tide resolution in our protocol. If necessary, further
confirmation is obtained by using another primer to
the same gene, as shown for krox20. The quantitative
aspect is validated by calculating the ratio of the total
amount of products from individual sources to the
product from the mixture of these sources. This is ad-
vantageous over microarray hybridization, which is
weak in gene-by-gene data validation.

Moreover, the system setup is much simpler than
microarray. When cDNA sequences or 3’ EST se-
quences are selected, primers can be designed using
simple computer programs and custom primers are
available from many manufacturers in the 96-well for-
mat at properly adjusted concentrations. Thus, once
the pool of adapted cDNAs are made, the PCR reactions
are simply set up by adding the primers to the master
mix. Gene selection is highly flexible, and newly dis-
covered genes are easily tested by researchers. For a
single microarray hybridization, 2-5 pg of poly(A) RNA
is required for probe preparation (Duggan et al. 1999),
in which up to 10,000 genes can be tested. Using our


http://genome.cshlp.org/
http://www.cshlpress.com

Downloaded from genome.cship.org on June 14, 2026 . Published by Cold Spring Harbor Laboratory Press

A PCR-Based High Throughput Expression Profiling Method

A GAPDH Apolipo B Neurofilament I, TroponinC
1A_C 9 Blue 1500 5A C 17 Blua 7A _C 21 Blue 8A_C 23 8ue
3000 4000
Pool A A ] h 1 rm
1ac scrabal 1111 sacl 11 blden 7ad 11 12hdrean sad |1 klceen
0 2000 2000 2000
Pool B ] J\_/k :|
va_c ovaubud 1118 sacl 11 hbvdiow 7ad b 1ok daiow aa d 1124 vhiow
1000 1000 1000 1000
Pool C
10.F somub | 11 11 so_rl |1 {alade o d |1 1zbdue so ¢l |1 blale
1500 3000 3000 3000
Pool D 1 l 1
10 10Gedand | 111 50 F | | lalarken 20070 A || 12k draan so_rl 11 Ldaleen
000 2000 - 2000
Pool E l 1
10 rovedow 111§ 506 | 11 slvehow o U1 12 veiow o el 11 bd vhiow
1000 1000 B 1000
Pool F J ] h ] ]
[N Lir e L I
123456 123456 123456 123456
B The pooling scheme of 30 human tissues cDNAs
Peak position
1 2 4 5 6
Pool A adult brain tetal brain corpus callosum cerebellum retina 30mix
Pool B bone marrow LND fetal liver thymus spleen 30mix
Pool C skin keratinocyte placenta testis pituitary 30mix
Pool D colon stomach liver kidney lung 30mix
Pool E heart skel. muscle uterus small intestine bladdexr 30mix
Pool F osteoblast fibroblast adipose endothel mesangium 30mix

Apolipo B

Neurofilament L

(XTWQE 03 DATIR[SI)EBRIR YNEod

- 1

- L L TroponinC

el B ]
gzeﬁg-ggxsggzzgag":::—g%; =g z 8§
SRR ER SRR AR R IR N
id8¢ § i & 3 5 g8 ~&
5 3 = S % > ﬁ -~ -

§ ¢

Figure 4 Expression pattern of genes across 30 human tissues, profiled by iAFLP. (A) An antisense primer for each of four genes was used
to amplify six template pools (pools A through F) of human cDNAs adapted with iAFLP cassettes. The split peak represents partial terminal
single nucleotide addition by Taqg polymerase. (B) The pooling scheme to prepare six template pools with 30 human cDNAs. (C) Peak areas
in each iAFLP profile were normalized relative to the peak area for reference cDNA mixture (30 mix). Note that the sum of normalized

peak areas is close to the expected value of 30.
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Figure 5 (A) Amplification ratios of 175 cDNAs and their sizes. Correlation between amplifi-
cation ratio (after PCR/before PCR) and insert size was tested by Spearman’s correlation coeffi-
cient by rank test (StatView 4.0, ABACUS Concepts, Inc., MA) and a moderate correlation was
suggested. The correlation coefficient (r) with risk <0.5% was —0.47. P=7.6 X 107 '
Z=—6.15,Z(0.975) = 1.96. (B) Frequency distribution of amplification ratios. The average of

ratio was 1.1 with standard deviation of 0.24.

protocol, a similar number of genes can be tested from
1 pg of poly(A) RNA without any preamplification
step.

In summary, we developed the protocol iAFLP
which allows highly specific and sensitive profiling of
gene expression. One autosequencer can produce ex-
pression data for 5184 genes X sources per day. Once
an antisense oligomer is synthesized for all genes in the
scale of micromoles, it will become a permanent re-
source for expression tests in genomes. Unlike micro-
arrays, the genes tested at one time are flexible in va-
riety and number.

METHODS

Oligomers

iAFLP oligomers are as follows: LP40, 5'-ACGACTCAC-
TATAGGGAGATTACTTHHHHHCAGTCAGGAT; LP43, 5'-
ACGACTCACTATAGGGAGATTACTTHHHHHHHH-
CAGTCAGGAT; LP46, 5'-ACGACTCACTATAGGGAGATTAC-
TTHHHHHHHHHHHCAGTCAGGAT; LP49, 5'-ACG-
ACTCACTATAGGGAGATTACTTHHHHHHHHHH-
HHHHCAGTCAGGAT; LP52, 5'-ACGACTCACTATAGGGA-
GATTACTTHHHHHHHHHHHHHHHHHCAGTCAGGAT;
LP55, 5'-ACGACTCACTATAGGGAGATTACTTHHH-
HHHHHHHHHHHHHHHHHCAGTCAGGAT (H=A, C, or T).
NH,-terminated oligomer (NH1400: GATCATCCTGACTG-
NH2) complement to the 3’ termini of iAFLP oligonucleotides
was kinated by T4 kinase and mixed with equimolar amounts
of iAFLP oligomer. These pairs of oligomers were used as iA-
FLP adaptors.

5-Fam-, Hex-, and Tamra-labeled T7 primers [F-T7(25):
F-ACGACTCACTATAGGGAGATTACTT] were custom-made
by PE Biosystems. Bam7T:5'-GACGCGGATCCAAGCTTG-
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CATGCCTGCATTTTTTT Gene-
specific antisense primers were de-
signed based on cDNA sequences
in GenBank. The distance from the
GATC to the annealing site is in-
dicated: human GAPDH (GenBank
accession no. M17851), GTGCTAA-
GCAGTTGGTGGT (23 nucleotides
from GATC); human apolipoprotein
B(J02775); CAAGTTTAGCAAAA-

TAACTCAGA (3 nucleotides); hu-
_ ... man neurofilament L(X05608),

GATGATTCACATTGCCGTAGA (3
. nucleotides); human troponin

C(M37984), GATTTGCATCCC-
' 3 CCAGGACAGA (3 nucleotides);

mouse GAPDH(M32599), TGTCAT-
- . CATACTTGGCAGGT (23 nucleo-
L1712 713 "14 715 tides); mouse krox20 (X06746) 1,
GTTAACCTTTGACTCATTTCAA-
GAGA (3 nucleotides) and 2, CC-
CCCTTTAAATAAGTTAGTT (24
nucleotides) mouse MOX1 (Z15103),
GTAAACACTCACAATCAGATC (1
nucleotide); and mouse WNT3a

(X56842), GACAGGGTGGTGGCC-
AACGGA (3 nucleotides).

Preparation of Template Pools

Human RNAs were purchased from Clontech. RNA from
hepG?2 cells was described previously (Okubo et al. 1992). For
all cDNA synthesis, a pUC19-based vector primer (Okubo et
al. 1992) was used to monitor synthesis and cleavage of cDNA
on agarose gel. Poly(A) RNA or total RNA was annealed with
an equal amount or 1:20 amount of vector primer, respec-
tively, in 13 pl of distilled water at 37°C and 2 X reaction
mixture was added to yield final concentration of 0.5 mwm
dNTP, 1x RT buffer, and 0.1 U/ul of Superscriptll and incu-
bated at 42°C for 60 min. Second strand was synthesized as
recommended by the manufacturer’s instructions (GIBCO-
BRL, MD). After purification by phenol-chloroform extrac-
tion and ethanol precipitation, cDNA was dissolved in an ap-
propriate volume of distilled water. Concentrations of cDNAs
were adjusted by staining with cybergreen I and measuring
the fluorescence intensities using a fluoroimage analyzer (Fuji
LAS1000). A standard curve made with samples of known
concentrations of DNAs was used for calculation of DNA con-
centrations from fluorescence intensities. One microgram of
cDNA was cleaved with 5 units of Mbol [New England Biolabs
(NEB), MA] in 20 pl of recommended buffer for 60 min at
37°C. After heat inactivation for 20 min at 70°C, 1 ul of 10 mm
ATP and 100 pmoles of kinated adaptor cassette, 100 units of
T4 ligase (NEB) were added to the reaction mixture and incu-
bated at 16°C for 3 hr. Equal volumes of ligation reaction were
pooled and the concentration of the pools of cDNAs was ad-
justed to 1 ng/ul with 0.1 pg/ul of glycogen solution before
use.

Profiling PCR Reactions

The profiling PCR reactions contained 2 pmoles each of F-
T7(25) and a gene-specific antisense primer, 0.1 ng of tem-
plate pool, and 0.1 unit of Platinum Taq polymerase (GIBCO-
BRL) in 10 pl of reaction mixture recommended by the manu-
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Figure 6 (A) Dissection scheme of a 9.5 dpc embryo (13-somite stage). An embryo was dissected into four segments [(Fb) forebrain;
(Hb) hindbrain; (Tb) trunk; and tail bud] by cutting at the isthmus, first somite, and the last somite. Then, the trunk was further divided
into two parts, the somite (Sm) and the spinal cord (Sc). Using Trizol solution (BRL, Bethesda, MD) total RNAs were extracted from each
of these body parts and used in cDNA synthesis for profiling template preparation. As a reference, RNA from a whole embryo (Wh) was
included in the cDNA pool. (B) The iAFLP profiles and size assignment for each peak showing anatomical distribution of three mouse
genes. Expected peak positions of the shortest products (Fb) are indicated with gene names separated by . Sizes for 5-Fam-labeled
fragments, assigned by Rox-labeled size markers, are always (0.5 nucleotides shorter than true length.

facturer. The template concentration was set to detect 1 in
100,000 transcript in a source RNA. Thermal profile was 35
cycles of 94°C, 55°C, and 72°C for 30 sec each with an initial
2 min at 94°C and a final 72°C for 7 min. An autosequencer
377XL and GeneScan program (PE Biosystems) were used for
sizing and quantitation of dye-labeled fragments.

PCR mixture (0.25 pl) was mixed with 3 pl of formamide-
loading buffer (PE Biosystems, CA) containing 1/4 volume of
internal size marker (Tamra 350, PE Biosystems). After dena-
turation at 96°C for 3 min, 0.5 pl of sample was separated on
10% acrylamide 6 M urea gel with a 15-cm well-to-detector
distance. Analysis was done according to the manufacturer’s
instructions for GeneScan.

Northern Hybridization

Human poly(A) RNAs were purchased from Clontech. Two
micrograms each of poly(A) RNA was separated on formalin—
agarose gels and transferred to Hybond-N membrane (Amer-
sham Pharmacia). Probes were synthesized by PCR with ap-
propriate sets of gene-specific primers. Biotin-dUTP was incor-
porated by random-priming DNA synthesis using a
commercial kit (Boehringer Mannheim). Hybridization was
performed according to the manufacturer’s instructions. Che-
miluminescence signals were detected and analyzed by Fuji
LAS1000.

Amplification of Total cDNA
After adaptor ligation, 1 ng of adapted vector-primed cDNA

was added to the 100 ul of PCR mixture containing 5 units of
Platinum Taq (GIBCO BRL), 0.2 mMm dNTP, 1 X Platinum Taq
buffer, and 10 pmoles each of primers T7(25) and Bam7T.
Amplification conditions were 94°C for 3 min, 15 cycles of
94°C for 30 sec, 55°C for 30 sec, 72°C for 2 min, and final
incubation at 72°C for 10 min. After cleavage with 10 units of
Mbol for 1 hr at 37°C, reaction mixture was extracted once
with phenol and once with chloroform. DNA was recovered
by ethanol precipitation. After dissolving in 100 ul of distilled
water, DNA concentration was measured by LAS1000 as de-
scribed above.

Independent 192 3’ ESTs from hepG2 cells were selected
from GenBank and one antisense primer was synthesized for
each. Accession numbers of ESTs and primer sequences are
obtainable through the world wide web at http://imcb.osaka-
u.ac.jp/okubo/materials/primer _GR
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