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Databases for gene expression

George M. Church

Levels of mRNA in cells are often used as an
approximation of protein activity levels. The
latest report on the mRNA front by Lépez-
Nieto and Nigam' exploits statistical trends in
protein-coding regions of DNA sequence data-
bases to help find cell-type specific transcripts.
Now that several genomes have been
sequenced, spanning all major kingdoms of
lifeX, we realize that, relative to genome
sequencing, sequencing mRNAs as cDNAs is
not a “shortcut” to obtaining a complete list of
genes. This is because, in genomic DNA, each
gene is equally abundant, whereas, when sur-
veying all cell types, some mRNAs are found at
high levels in each cell while other nonabun-
dant mRNAs may be down near the transcrip-
tional noise level. For vast number of cell types,
environment influences and potential tran-
scriptional leakiness’ could mean that each
basepair of any genome may be detectably
transcribed (at least one transcript per cell in at
least some cell). Nevertheless, as each genome
sequence is completed, gene discovery efforts
will shift to gene function discovery, and so at
least to mRNA quantification.

RNA quantification methods include
cDNA array hybridizations, in situ hybridiza-
tions, counting of short expressed sequence
tags (EST, SAGE), differential display (DD),
and high-specificity PCR*. The last two meth-
ods yield somewhat predictable amplification
product sizes for given primer pair sets. Con-
ventional DD is anchored (primed) at the 3
end of the RNA, with one of three oligo-dT
(A,C,G) primers, and toward the 5" end by a
specific but arbitrary primer (or a specific but
arbitrary restriction enzyme sequence’). High-
specificity PCR requires knowledge of the
sequence and possibly 100,000 primer pairs to
cover all human coding regions.

In both cases, about 400 different product
sizes can be resolved by DNA gel electrophore-
sis, so in theory, a minimum of 250 arbitrary
primers (or pools of specific primer pairs) and
gel lanes would be required per cell type mea-
sured. Lopez-Nieto and Nigam explore the
zone between these two methods with what
could be called codon-optimized differential
display (CODD). By computationally simulat-
ing the fraction of genes detected as a function
of both primers chosen, they predict that the
best set of 870 “arbitrary” primer pairs (the
product of 30 forward and 29 reverse primers)
should be sufficient to detect 73% of expressed

As we approach the gene
discovery end-game, we will
want to know how to get the
27% of genes missed by this
method down to less than 1
gene in 100,000 missed.

genes, compared to the 10% expected of a truly
arbitrary set of 870. The advantages of CODD
over high-specificity PCR are that the recom-
mended 60 primers are far fewer than previ-
ously predicted 200,000 and that one need not
know all of the gene sequences in advance. Of
course, as we approach the gene discovery end-
game, we will want to know how to get the
27% of genes missed by this method down to
less than 1 gene in 100,000 missed.

As with many other methods, the shortest
and lowest abundance coding regions will be
the most easily missed. One source of back-
ground that will limit the hunt for the lowest
RNA abundances detectable is mismatched
priming. Mispriming effects are just begin-
ning to be addressed"’ in tests using degener-
ate primers for large gene families such as
G-protein coupled receptor genes. Another
limiting factor is the dynamic range of the
methods; a “pure” cell type could cover five
orders of magnitude in mRNA abundance,
and the number of cell types could number in
the billions. Occasionally expression levels are
experimentally lumped into compartments,
such as “brain,” containing numerous cell
types. Such studies may be superseded by
higher specificity definitions in terms of con-

stellations of gene product levels, cell lineages,
cellular and subcellular locations™*.

In this context, we are reminded that,
unlike DNA sequences, gene expression data
lack a widespread systematic database that
goes beyond sharing and browsing to
embrace pattern searching and integrated
modeling. This will require standardized data
fields including anatomical 3D stereotactic
coordinates, quantification of colocalization
of gene products and histochemicals, estimat-
ed detection limits to define “nonexpressing”
cells, environmental conditions relevant to
expression, physiological or pathological
state, cell genotype, and, of course, accession
numbers for stable references. Journals and
research communities have come to expect
speedy submission of sequences and 3D coor-
dinates to public electronic databanks. These
banks have, in turn, dramatically catalyzed
improved computational tools and applica-
tions. With Lopez-Nieto and Nigam and oth-
ers showing us interesting uses for sequence
databank withdrawals and new ways to gar-
ner gene expression capital, where shall we
make our next expression level deposits?
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Silent genes and everlasting fruits

and vegetables?

Don Grierson

Death and taxes are the only certainties in
life. Although biotechnology cannot change
either, plant gene research over the past
eight years has shown that the onset of
deterioration and senescence can be greatly
delayed by inactivating specific genes. This
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can improve the quality, storage life, and
general appeal of fruit and vegetables. By
reducing spoilage and waste, there are also
benefits for the food supply chain. This
may be particularly important in develop-
ing countries, where 50% or more of fresh
produce may never reach the consumer.
Until now, this research has been pioneered
in tomato. In this issue of Nature Biotech-
nology, Ayub et al.' demonstrate for the
first time that similar improvements can be
obtained in melon.
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