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Genome expression on the World Wide Web

Genom_g_ expression on the World Wide Web

The study of gene expression tradition-
allv has been pursued through a com-
binarion of biochemical, genetic and
molecular biological studies. Genome
sequences and new rechnologies have
recently provided new approaches to
study gene expression. By using high-
density DINA microarrays or ‘DNA
chips', which consist of either oligonu-
cleotides or cDMNAs awached 1o a solid
phase, researchers are now able to
measure the level of thousands of
mRNAs simultaneously. This allows
investigators to identify the set of genes
nfluenced by a physiological event or a
particular murarion and could uli-
mately allow biclogists to understand
the transcriptional program of the cell.

Several groups have performed these
kinds of chip experiments with the
bakers’ veast, Saccharomyces cerevisiae,
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under a variety of conditions. Yeast cur-
rently has several advanrages over meta-
zoans for genome-wide expression stud-
ies. The entire yeast genome has been
sequenced, so the expression level of
every genc can be measured. The small
size of the veast genome, which consises
of approximately 6200 genes, means
that it takes fewer data points to pro-
vide complete informarion abour the
organism’s rranscriptional  srare.
Analysis of genome-wide expression
data is more ecasily performed in the
context of the substantial veast litera-
ture. The genetic tractability of veast
permits cfficient experimental exami-
nation of models that emerge from
genome-wide expression data.
Genome-wide expression experiments
create enormons quantities of data which
must be managed, analysed and presented

in new wavs. Tradirional journals are not
well suited for the presentation of large
amounts of dara, so rescarchers have
begun to provide access to their dara on
the World Wide Web. The popularicy
and relative ease of use of the web makes
this foruin suitable for the posting and
sharing of this data. We discuss some
of the sites on the web thar have been
created to present and analvse genome-
wide expression daga below.,

Web-based expression data

Papers featuring genome-wide expres-
sion experiments generally kave accom-
panyving web sites which are listed 1n
Table 1. There are a few core features
that are found in most of these sites. The
ability to search a darabase by gene name
allows users to track any gene of interest
In a given experiment. Most experiments
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report expression values as a fold change
from some standard experimental condi-
rion (e.g. wild tvpe or rime zero) relarive
to a condition of interest {e.g. murant or
e +X). Users can search the darabase
fof rhose genes whose expression has
changed a sparticular amount. When
genes are listed, a brief annorarion is sup-
piied with the gene name which gives
users some underscanding of the funcrion
of genes with which they are unfamiliar.
Finally, most sites allow the user 1o
download their data in rabular form.
This is particularly wseful for investiga-
tors who have devised their own meth-
ods to analyse and present dara.

Brown and co-workers have used
DMNA chips to sudy various physiological
processes in veast by analysing the state
of gene expression over a Hme course’=.
The user can query the data based on a
minimum or maximum fold change for
anv number of time points and can there-
fore effectively retrieve the genes which
exhibir a particular pattern of expression.
The site accompanying Spellman et al’
provides time course data for the cell
cvcle but displays it graphically for an
easy snapshot of the transcripnional pro-
file of a parmcular gene.

Other  investigators  have used
senome-wide expression experiments o
analyse various components of the tran-
scTiption apparatus®. They use mutants
in genes to derermine whart contribution
various transcriprion facrors make
rowards gene expression. The site sup-
poriing Holstege et al.* allows the user
to identify genes affected by the loss of a
ranscription factor and to list them
according to funcronal caregories. This
provides insighr inte those transcription
factors with roles in the regulation of a
particular physiological process.

Transcriptome

Two groups have described the yeast
mBENA populartion in terms of the level
of every derectable mRNA species; this
population has been called the tran-
scriptome (Table 1). Velculescu et al®
used serial analysis of gene expression
(SAGE) 10 measure the number of
copies of a given mENA per cell
Holstege et al.* used DINA chips. Both
data sets are available on the web,
searchable by gene name, and provide
easy access to addidonal information
abour the gene of inrerest, either

INTERNET Kesource

TABLE 1. Genome expression webh resources

URL

Exprassian

hitpetfemgen. stanford.edw phrown/explare
hetpotfemgm_ stanford, edwpbrown/med2!
hittpoificmgm.stanford. edw pbrown/sporulation
http.t/genome-www.stanford.edu'cedicyclef
httpe//genomics.stanford. edu'yeasticelicycle_html
httpotfwww. hisph.harvard edw/genesapression’

hittpofwww. mips. hiochem.mpg.de/projyeastiranscription/chril _map.tml
hitt pe/faww, mips. hicchem.mpg.defprojfeastfranscnipiion/mig L _cantr.atmi

hitpe e, wiomit. edwhvoungleqpression.html

Dascription Ref.

Diawicshift, TUR, YAP 2
MEDZ defetion 3
Sporulation |
Cell gycle 3
Celi cycle - 13
Alkylating agent 14
Chremosome Xl 15
MIG1 16

Transcription apparatus 4

Transcriptome
http./fgename-www stanford edwiogi-hinSGD/SAGE quenSAGE SAGE b
hittpe e wimit. edwivoung/expression. html RNA potmerase Il mutant 4
Analysis
httpe/farep. med.harvard edwmmadata/ mmasaft.htmi Promoter anah*s!s (1]
hitp/foapan.cifn.unam. mouComputational_Bialogyyeast-tools Promoter analysis 11
http='frana_stanford.edwiclustering/ Clustering |
httpeiwww. 3. Helsinki.FL ~vilofYeast/ Promater analysis 12
Supporting Yeast Databases
hitp-! genome-www.stanford edwSaccharomyces! 5. cerevisize Genome 7
Datzbase (SGD)
hitp-ffquest?_pméeome. com/YPORame. viml Yeast Proftein Database ]
{YFD
ntptwew. mips. hicchem.mpg. defprojfveasty Munich Information 17
Centre for Protein
Sequences (MIPS]

through the SGD7 for SAGE, or through
YPD* for the DNA chip data.

Analysis
As the study of gene expression through
genome-wide analysis Is  new, the
development of methods and tools for
analysing expression darta is in its infancy,
Eisen et ol have created a program that
allows investigarors to perform cluster
analysis on expression data. They use
color bars ro depict changes in gene
expression and group genes which change
in similar ways so thar users can easily see
genes whose expression is coordinarely
regulated. Several groups have wrtien
programs to search for over-represented
sequence motifs in promoters'™'*, These
programs can be used in conjunction with
senome-wide expression data to deter-
mine if a2 particular DNA sequence medi-
ates the regulation of a group of genes.
Future analyncal programs will need
to address several issues. The output
from a given experiment is often a list of
genes, many of which may be unfamil-
1ar to the investigaror. A program which

allows users o take a hist of gene [:Irr:ld~

ucts and group them by tunction, mera-

bolic pathway, or biochemical complex

will help uncover how a particular

physiclogical process is regulared. It
will be usetul 1o determine and graphi-

cally displav the intersection of the ser

of genes attected in one experiment with

the ser of genes attected in another; the

experiment 15 to determine whether two

cellular processes use similar regulatory

mechanisms. »uch analysis should help

unleash the power of genome-wide

expression experiments and reveal more
of the transcriptional regularory cir-
cuitry of the cell. Finally, it is particu-

larly interesting ro consider the develop-

ment of a computer program capable of

using large amounts of expression data
o predict the transcriptional behavior

of cells.
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New Technical Tip articles published recently in Technical Tips Online include:

B Riva. P. of al. (1999) A rapid and simple method for the generation of locus-specific probes for fish analysis
Technical Tips Online (http:/ftto.trends.com) TO1618

m Maller, S. and Edvinsson, L. (1999) A strategy for the generation of RNA com petitors in competitive RT-PCR
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New products featured Technical Tips Online include:

Technical Tips Online also features press releases on new products. Click on the ‘product news” bution and a simple reader-
response facility allows you to e-mail the relevant company for more information. Recently featured new products include:

Imaging deeper into living tissue using a short-pulse laser for multi-photon fluorescence microscopy

A new Technical Note is now available from Bio-Rad, which describes the advantages of using a short-pulse laser for multi-photon
fluprescence micrascopy — a valuable technigue for biomedical research. The methed, pioneered by scientists at Cornell University
and licensed exclusively to Bio-Rad, is already proving useful for imaging deeper into biological tissue than any other available
technigue. By using femtosecond pulses tc minimize the average power to a sample, damage to living cells is greatly reduced.
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The Genetic Gods. Evolution and Belief in Human Affairs

by J.C. Avise

Harvard University Press, 1995, $29.95 hbi (vili +— 279 pages) ISBN 0 674 34625 4

Who or what are the ‘genetic gods’
According to the author, ‘they master-
mind our lives, influencing our physical
appearance, health, behavior, even our
fears and aspiranions. They constitute
our material reason for being — for ear-
ing and sleeping, warring and loving,
hating and caring, forging relationships
for procreation. ...we are their rickets to
immartality... They give us life, ver dic-
rate senescence and death. “They’ are
not gods, but our genes... Genes have
special powers over human lives and
affairs... genes exert influence over the
course of nature.. gene lineages are
potentially immortal.’

Why does the author wish to equare
genes with gods? One reason, or at least
outcome, might be that it permits

-—nk &l Ry 1 o T -

him to use rerminology thar is descrip-
tive of the behavior of a god or gods
(‘malevolent’, ‘magnamimous’, ‘self-
serving’) when talking about genes,
thereby engaging the arrention of read-
ers susceprible to the use of anthropo-
morphic (or perhaps deitomorphic)
terms when scientific conceprs are being
described. However, the real reason, I
believe, is far more serious and is
revealed in the following quotatons:

‘The emergence of Homo sapiens
under natural evolunonary processes
can be interpreted as an even more
miraculous and awe-inspiring  than
human creation by a god.’

‘Human beings, like all other species
on earth, are biological products of
evolutionary processes, and as such

are physical expressions of the genes,
the ‘generic gods’. Genes and the
mechanistic cvolutionary forces thar
have sculpred them thus assume many of
the roles in human affairs tradinonally
reserved for supernatural deities.’

‘Regardless of what they are called,
genes are tangible enrities, with pro-
found influences on humanity. Indeed,
over the last cenrury, the genetic gods
would seem 1o have wrestled from the
supernatural gods considerable authoriry
over human affairs. Does any room
remain for 2 metaphysical god?”

“What is to be gained by an aware-
ness of generic operations and evolu-
tionary processes when such knowledge
challenges our faith n a loving and
intervenrionist god:’

The thrust of the srgument, there-
fore, is thar it is not necessary to invoke
religious beliefs 10 understand how
mankind has reached its present state,
not only in physical and funcrional
terms, but also in terms of its social
organization and, indeed, its moral
and ethical precepts. Thus, ‘the richly



