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The promoter connection
Thomas Werner

The availability of the complete genomic sequence of yeast now enables elucidation of molecular mechanisms governing gene
expression patterns. New results from the yeast genome and recent advances in predicting and finding human promoters support
the use of similar combinatorial approaches to study genome-wide transcriptional regulation in humans.

Since the sequence of the yeast genome on combinations of at least two TF sites, The current study, in contrast, identifies
was determined in its entirety several years rather than being an intrinsic property of relationships on the molecular basis of
ago, it has served as a catalog of the genes individual sites. Several studies have synergistically acting TF sites, ensuring
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The idea is well established. What makes this study remarkable taken advantage of the somewhat simpler between them. The similarity in numis that Pilpel et al.1 applied the approach to yeast system to make a genome-wide bers of genes becomes even more proa genome-wide analysis and focused on analysis based on the concept of synergis- nounced when we turn to the difference
between human and chimpanzee, where
TF sites common to sets of promoters tic TF-site action.
It is, of course, very satisfying to see not only is the gene count almost identibefore looking at the expression profiles of
those genes. By concentrating on TF sites, that the conclusions drawn from a few cal, but the amino-acid sequences of the
they were able to distinguish between individual cases apparently hold in gen- encoded proteins most likely differ only
coregulated and coexpressed genes: coreg- eral, at least for the yeast genome. This at single positions (on the basis of the
ulation is the consequence of a common generalization extends to the interactions expected 99% identity at the nucleotidemolecular mechanism, whereas coexpres- between a variety of TFs within yeast reg- sequence level).
Leroy Hood brought out this point in
ulatory networks, in which different
sion may occur by mere coincidence.
Other researchers have already observed functionalities can be conferred on one his talk at the Bio2001 meeting in San
limited correlation of individual TF sites factor by its association with different Diego (24–28 June 2001) with his statewith gene expression patterns2,3. However, cofactors. This is an important advance ment that “The difference between man
such correlations remain generally weak, over the boolean-style networks estab- and monkey is gene regulation.” I agree
as most TF sites occur in many promoters, lished for the description of metabolic with that view, and would like to extend it
regardless of the particular expression pat- regulatory networks, which usually to the molecular level: the difference
tern. In mammalian systems in particular, record only the dependence of genes between an individual TF site and trantranscriptional specificity often depends without a clue to the molecular basis7. scriptional function is the modular context
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of a promoter or enhancer within the
genomic sequence.
The study by Pilpel et al.1 is certainly a
milestone in linking genomic sequences
(rather than cDNAs) with functional highthroughput data such as expression arrays.
But how well can this approach be transferred from yeast to mammals, especially
humans? The modular design of promoters in yeast and humans is apparently very
similar from an organizational point of
view, but there are also profound differences. The first and most daunting is that
human promoters are much more elusive
than their yeast counterparts. Whereas
yeast promoters can be easily found
upstream of open reading frames, human
promoters might be located tens of kilobases upstream of their reading frames
because of non-coding leader exons and
introns. Human promoters are also gener-

ally more complex than yeast promoters
and use quite different sets of TFs.
Fortunately, most of these obstacles to
large-scale analysis of human promoters
have been overcome. The first prerequisite, availability of the human genomic
sequence, was met last year. Recent significant advances in promoter prediction8
now enable identification of a large proportion of human promoters, as was
demonstrated on chromosome 22 (ref. 9).
Compilations of human and other vertebrate TF sites are available10–12, although
still incomplete. Thus the basis has been
laid for large-scale analysis of human
sequences and expression array results.
Somewhat more sophisticated analysis
strategies will be required, because of the
larger number and more complex organization of human promoters. The principles successfully applied by Pilpel et al.

should, however, hold true for humans.
This means that their study is good news
for everyone looking beyond merely
descriptive results to the molecular basis
of expression array data.
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The adaptable lin-39
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Comparative studies of nematode development provide a powerful framework for investigating the evolution of developmental
mechanisms. A recent report also demonstrates how comparative work can inform our understanding of basic developmental signaling pathways. In particular, investigation of the differences in vulva development between Caenorhabditis elegans and Pristionchus pacificus has clarified the molecular relationship between an epidermal growth factor–Ras–MAP kinase signaling
pathway and downstream Hox transcription factor activity.

molecular mechanisms of develA molecular geneticist will often
opmental pathways.
submit a gene sequence to a database for comparison and will be
pleased to identify regions of
The vulva in evolution
sequence similarity. The assumpComparative analyses of C. elegans
tion is that sequence similarity
and P. pacificus rely on a significant
allows one to extrapolate a possible
body of work that details the celluX marks the spot. C. elegans lin-39::LacZ transgene expression restricted to
molecular function for the gene the vulva muscles of an adult nematode. Photo courtesy of Kaj Grandien. lar and molecular features of vulva
based on previous work on other
development in both species. In
species. In contrast, molecular
each, the vulva (egg-laying strucgeneticists with an interest in evoluture) forms in the mid-body
tionary biology may focus on the regions of nematode species—C. elegans and P. paci- region, and is produced by the specialized
sequence differences, reasoning that they ficus—derive not from differences in the division and differentiation of ventral epimight point to molecular functions that dif- protein, but probably from differences in dermal cells. The prospective vulva cells repfer, and thus underlie evolutionary change. gene regulation. More noteworthy, how- resent only a subset of cells capable of
This strategy has been used in a study by ever, is that their evolutionary perspective forming vulva tissue, and they divide only in
Kaj Grandien and Ralf Sommer1, reported provides a conceptual context in which a response to a signal(s) from the overlying
in a recent issue of Genes & Development. specific hypothesis about the relationship gonad. The differences between the two
They have investigated the differences in between LIN-39 and an epidermal growth species are in the details. For example, in C.
the nematode gene lin-39, a member of the factor receptor (EGFR)–Ras–MAP kinase elegans, the EGF-related signal LIN-3
nematode Hox cluster that is required for (MAPK) signal transduction pathway can derives from a single gonadal cell (the
cell)
and
stimulates
an
developmental specification in the mid- be tested. Their work illustrates how com- anchor
body region2. They show that the differ- parative developmental genetics provides EGFR–Ras–MAPK signal transduction
ences in lin-39 function between two a unique vantage from which to clarify the pathway in the responding epidermal
Kaj Grandien
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