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Do-It-Yourself Gene Watching 
The growing use of relatively inexpensive microarrays to monitor the ex- 
pression of thousands of genes at once is creating a flood of data on ev- 
erything from strawbeny ripening to viral pathogenicity 

Next week, students will begm arriving at 
the Cold Spring Harbor Laboratory on Long 
Island to begin "our most oversubscribed 
laboratory course on record," says David 
Stewart, director of meetings. Sixteen people 
paid $1955 each to learn how to build and 
use a machine for genetics research-a de- 
vice that deposits thousands of pieces of 
DNA in precise m i v s  on glass slides. 
For another $30,000, four will actually take 
the machine home. 'We were somewhat 
amazed," says Stewart, surrounded by boxes 
of parts waiting to be assembled. The course 
is new and it wasn't even advertised, yet 
eight times as many people signed up as 
could be accepted. 

Microarrays are hot. People who never 
thought they would do large-scale gene 
studies suddenly are eager to try their hand 
at monitoring thousands of genes at once. 
They are watching patterns of gene expres- 
sion change as strawberries ripen, viruses 
cause disease, and tuberculosis infects host 
cells (see sidebar). And they are cataloging 
the genes that are overexpressed or sup- 
pressed when normal cells become cancer- 
ous. The National Institutes of Health 

paved the way, and is sti l l  the system of choice 
for many pharmaceutical companies and aca- 
demic labs that can afford it. Affymetnx uses 
a photolithogqbic method borrowed h m  
the electronics industry to deposit probes for 
thousands of different genes on a slngle wafer 
the size of a dime. Each probe is a short 
stretch of synthetic DNA called an oligo- 
nucleotide that replicates a uuique sequence 
iden-g a gene. These "oligos" are laid 
down in precise, s e q u e n c s ~ i c  arrays. To 
determine which genes have been expressed 

afford the estimated $175,000 it costs to 
install an Afllmetrix setup. Several re- 
searchers claim that, until recently, it was 
also hard to get Genechip arrays because 
supplies were short. 

Among those responsible for lowering 
barriers to the field are the three scientists 
who will be teaching the Cold Spring Harbor 
course, al l  from Stanford University: geneti- 
cist Patrick Brown, his former grad student 
Joseph DeRisi, and bioinformatics expert 
Michael Eisen. Brown, along with an engi- 
neering student named Dari Shalon, devised 
a cheap way of generating microarrays in the 
mid-1990s to study patterns of gene expres- 
sion in yeast. It's S i l e  but effective: Instead 

&ding its o& 
microarray stud- 
ies and providing 
grants to institu- 
tions to buy the 
technology. All 
this is generating 
a flood of data 
that traditional 
journals find hard 
to accommodate 
and digital data- 
bases don't yet know how to handle. 

The basic idea behind this surge of in- 
terest isn't new: Researchers have been us- 
ing microarrays since the early 1990s to 
study gene expression en rnasse. What is 
new is the relatively low cost of entry into 
the field. Over the past year or so, inex- 
pensive, do-it-yourself techniques like the 
one being demonstrated at Cold Spring 
Harbor have become widespread, replac- 
ing or complementing the high-tech 
"GeneChip" technology that was once 
about the only game in town. 

The GeneChip system, made by the 
Affjmetxix Corp. of Santa Clara, Wornia, 

of using expensive and 
t ime-consuming 
photolithography to 
lay down oligo arrays, 
the Stanford team us- 
es metal rods like 
fountain pens to de- 
posit carefully select- 
ed cDNAs at known 
locations on a micro- 
scope slide. These 
cDNAs act as probes 
for genes expressed in 
a test sample. 

Shalon left Stan- 

I ford to found a com- 
pany based on this - 
concept, Synteni Inc. 
of Palo Alto, Califor- 
nia. Last year, Incyte 

Switched an. Jellivy Trent is using a ma- Pharmaceuticals, also 
c h i  buitt in his lab to look for differences in Palo Alto, acquired 
in gene patterns in melanoma Synteni for $80 mil- 
d w u c i n g  huge data sets (inset). lion. hcyte now pro- 

cesses mi- chips 
in a sample, for a fee, much as film is processed. But 
-hers iso- Brown and his lab took a different tack: Th 
late messenger give the technology away. 1 RNA h m  test Last year, DeRisi launched a Web si 

samples, convert it to complementary DNA that explains exactly how to build a micro- 
(cDNA), tag it with fluorescent dye, and run array machine with off-the-shelf parts (see 
the sample over the wafer. .Each tasged cDNA sidebar, p. 446). And Eisen has given away 
will stick to an oligo with a matching se- gene-clustering software that identifies pat- 
quence, lighting up a spot on the wafer where terns in microarray data. Brown, mean- 
the sequence is known. An automated scanuer while, has become a big proselyhzer, invit- 
then detemhes which oligos have bound, and ing dozens of collaborators into the field. 
hence which genes were expressed Kenneth Burtis, a Drosophila expert at the 

AEymetrix sells a variety of standard kits University of California, Davis, who fol- 
for yeast, Ambidopsis, mouse,'rat, and hu- lowed DeRisi's lead and built his own array- 
man genes, among others, which are listed at er, says, "Joe's take on it was: 'People don't 
$500 to $2000 per chip. (The chips are good realize this isn't rocket science, and they 
for one use.) The company donates equip shouldn't be afraid of it.'That's the way I got 
ment to collaborators at major genome m- swept up in this." 
ters, but few labs get free chips and few can Many other researchers are building ma- - 
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chines, and several companies are now sell- 
ing machines like Stanford's at roughly twice 
the price of the do-it-yourself model. Geof- 
frey Childs and Aldo Massimi at the Albert 
Einstein College of Medicine in New York 
City, and Vivian Cheung at the University of 
Pennsylvania, Philadelphia, designed and 
built microarrayers from scratch. Others, in- 
cluding a team at Rosetta Inpharrnatics Inc. 
in Kirkland, Washington, and at the Hewlett- 
Packard Co. of Palo Alto, have developed 
ink-jet oligo printers, but these are not gen- 
erally available. 

AfTjmetrix, meanwhile, has taken steps 
to increase its production of GeneChip ar- 
rays and offer terms more agreeable to aca- 
demics. In September, the company also 
moved into the spot microarray world, ac- 
quiring a small company that sells these ma- 
chines, Genetic Microsystems of Woburn, 
Massachusetts. DeRisi views this move as 
an attempt to swallow the competition, but 
AfTjmetrix's vice president of marketing, 
Thane Kreiner, describes it as a, way to give 
clients a technology that "complements" 
the GeneChip, although the company in- 
sists that GeneChip arrays yield higher 
quality data. 

All of this points to a boom in microarray 
f experimentation by "mom-and-pop" genet- 
g ics labs. What is the attraction? Simple, 
5 Brown says: "As people look at large-scale 

pictures of the expression programs of 
genomes, they've begun to realize that 
there's at least as much information in 
genomes entirely devoted to [controlling] 
where and at what level the genes are ex- 
pressed" as to defining proteins. Gene ex- 
pression, he points out, is what really distin- 
guishes one cell type from another. "And 
suddenly, that's just an open book." 

The vanguard 
~ r n o n ~  the sponsors of this 
technology is National Can- 
cer Institute (NCI) director 
Richard Klausner. NCI was 
an early collaborator on 
GeneChip technology and 
has been funding large- 
scale studies of gene ex- 
pression in cancers since 
1996. Now NCI is backing 
low-cost microarravers as 

ability to monitor gene expression will en- 
able them to "produce a snapshot of the 
genes that are active in a tumor cell." This 
thrust was advocated by an advisory panel 
chaired by Eric Lander of the Massachusetts 
Institute of Technology and Arnold Levine, 
president of The Rockefeller University in 
New York City, both of whom are themselves 
major users of the AfTjmetrix technology. 
Lander, for example, has recently been de- 

veloping tools for cataloging 
leukemias by their gene ex- 
pression signatures (see Gol- 
ub Report, p. 531). And 
Levine recently published a 
study of gene expression in 
colon cancer. 

Several lab chiefs at NIH 
also began collaborating on 
microarray studies with 
Brown, Eisen, and Stanford 
geneticist David Botstein in 
the mid-1990s. Now they're 
hooked. Jeffrey Trent, intra- 
mural research chief at the 

nfordls Patrick National Human Genome 
Research Institute (NHGRI), 
built a Stanford-style arrayer 

3 years ago on NIH's campus in ~ethesda, 
Maryland, and has been using it to study 
genes involved in melanoma. Like other 
devotees, Trent believes that GeneChip ar- 

well. On 2 1 ~ e ~ t e k b e r ,  the 
institute awarded $4 million 
to 24 institutions, including 

"It is absolutely imperative 

I 
cancer clinics, to help them Sta 
set up microarray facilities. B ~ ~ ~ ~ .  

that cancer researchers have open access to 
this technology," Klausner said in a pre- 
pared statement. 

Klausner and others are hoping that the 
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rays and microarrays are powerful because pression in various cells. 
of their huge data output. Big samples make Trent and his colleagues at NHGRI made 
it easier to spot patterns, such as common their own slides to monitor the expression of 
sets of genes expressed in different kinds of more than 8000 human genes from 3 1 
cells. The Stanford "mantra" is quite sim- melanoma tumors. Offering a visitor a 
ple, says Eisen: "More data is good." glimpse of the results last month, Trent 
Eisen's software sorts through the color- pulled out a sheet with colored dots grouped 
coded microarray. readouts, clustering in what he calls "Eisenized" clusters. Along 
genes that exhibit similar patterns of ex- the top are names of the melanoma cell 

types; down the side, in fine print, are the 
names of human genes whose fragments 
were deposited on the slides. 

To generate the data for this chart, Trent 
t a g g e d - c ~ ~ ~  from cancerous and normal 
control samples with red and green fluores- 
cent dye, respectively, then washed the sam- 
ples over the slides. Genes strongly ex- 
pressed in the cancer cells as compared to a 
reference standard gleamed a lurid red when 
excited by a laser, while those under- 
expressed showed up in green. Genes ex- 
pressed in roughly equal proportions came 
out yellow. Eisen's algorithm grouped genes 
with similar expression patterns across the 
range of cell types in colored blocks on the 
chart, on the assumption that the function of 
these genes is similar as well. Genes of 
known and unknown function turn UD in 
clusters, so researchers tentatively assign 
functional labels to unknown genes based on 
their cluster mates. Trent acknowledges that 
this approach is "speculative," but it is a first 
step, he believes, in developing new, molec- 
ular definitions of high- and low-risk types 
of melanoma. 

A short distance from Trent's lab on 
NIH's Bethesda campus, an NCI team led by 
Edison Liu and Louis Staudt is using a lo- 
cally made arrayer to investigate breast can- 
cer, leukemia, and lymphomas. Staudt de- 
scribed some of this work at a meeting of mi- 
croarray researchers in Scottsdale, Arizona, 
last month, comparing it to astronomy. His 
lab is doing "discovery" research, he ex- 
plained. Like Galileo, he suggested, NCI sci- 
entists have a new instrument so powerful it 
will let them see patterns that just weren't 
visible before. Staudt warned, however, that 
there are professional risks in this venture. 
Galileo was denied tenure, he joked, because 
he was handed "a pink slip saying [his tele- 
scope] wasn't hypothesis-driven9'-some- 
thing for which microarray studies are some- 
times faulted. 

Staudt and colleagues have created what 
they call the "Lym~hochip," an array with 
18,500 carefully selected genes involved in 
the development of the immune system's 
antibody-producing B cells. "We had abso- 
lutely no trouble getting the technology up 
and running," says Staudt, who's working 
with stanford to create a shared gene ex- 
pression database. Already, he says, it 
looks as though microarray profiling "will 
be a very useful tool" for "subdividing dis- 
ease categories and giving them a molecu- 
lar identity." 

Ash Alizadeh, one of Staudt's collabo- 
rators at Stanford, described how he used 
the Lymphochip to look at gene expression 
profiles in 50 cases of diffuse large cell 
lymphoma, long considered a "wastebasket 
category" of poorly defined illnesses. After 
linking genetic profiles to case outcomes, 

150CTOBER 1999 VOL286 SCIENCE www.scienc 



G E N O M E  0 
he identified two distinct subgroups- 
"diseases within a disease," Staudt says. 
One gene expression profile appears to 
carry a good chance of survival; the other 
does not. If such results hold up, genetic 
profiling could be useful in diagnosing and 
treating lymphoma. 

Data overload 
With such tools coming on line and interest 
in expression studies on the rise, the vol- 
ume of data in this field is likely to grow 
exponentially in the next few years. Al- 
ready, Brown and others have been talking 
about new ways of storing, sharing, and 
publishing these huge files. Each experi- 
ment produces a flood of data: Trent's 
melanoma expression data, for example, 
would produce a print-out about 10 meters 
long if printed at full length-too big to 
publish in a journal. 

For the moment, Brown says, microarray 

users are storing results in their own Web- 
accessible files and opening them to the pub- 
lic when they publish a journal article. Per- 
sonally, Brown would be happy to slup the 
journal-controlled part of this process and put 
the data right out on the Web. That's why he's 
enthusiastic about NIH's plan for online pub- 
lishing, PubMed Central (Science, 3 Septem- 
ber, p. 1466). 

One problem-where to archive data- 
may be solved soon. At the Arizona micro- 
array meeting in September, David Lip- 
man, director of NIH's National Center for 
Biotechnology Information, announced 
that NCBI staffer Alex Lash is heading up 
the design of a new database for the field, 
to be called the Gene Expression Omnibus 
(GEO). It will connect sets of experiments 
that appear "relevant to each other," so that 
a user could quickly find all the experi- 
ments involving certain gene families and 
look for common themes. "We're working 

N E W S  

Keeping Genome Databases 
Clean and Up to Date 

As the size of GenBank and the number of other biological databases 
grows so does the need for ways t o  update and coordinate the information 
they contain 

Last year, Michael ~ e l n e r  thought he had comparing the sequences of specific genes. 
finally gotten his hands on the elusive front After several months' work, he realized that 
end of a gene he'd been working on, on and the GenBank sequence he had been relying 
off, for months. But when he searched on for one of the ribosomal RNA genes of 
GenBank. a ~ u b l i c  archive that contains ev- Xenoous. a s~ecies of frog. was incor- 
ery published DNA sequence, 1( 
similar genes that might hold 
clues to his gene's function, he 
knew something was wrong: He 
turned up more than 100 match- 
es, or "hits," from a wide array 
of genes from many different 
organisms. Kelner, a molecular 
pathologist at the University of 
California, San Diego, soon re- 
alized that the sequence all 
these genes had in common was 
a contaminant, introduced by 
the commercial kit he had used 
to clone his gene. And the fact 
that it turned up in so many 

on fields and data structures and will load 
samples this fall,'' Lipman says. He hopes 
GEO will be running by spring. 

Yet to be resolved, however, is how to 
make results comparable. GEO will ask re- 
searchers submitting the data to define the 
experimental "platforms" they use. That 
may be simple for people using arrays or ar- 
ray services such as those provided by 
Afimetrix and Incyte. But there are no 
standards for homemade devices, and small 
differences in experimental conditions may 
lead to discrepancies in results. 

But Lipman isn't rushing to impose stan- 
dards on the young field. Brown thinks that's 
the right course: It would be a mistake, he 
says, to try to impose rules on the field while 
investigators are still in exploratory mode, 
pointing their microarray telescopes at the 
universe of genes. Better to let standards 
evolve gradually, as the data start pouring 
into GEO in 2000. -ELIOT MARSHALL 

cident as I stumbled on [a report in the sci- 
entific literature] with the corrected se- 
quence,'' he recalls. "It took me about 10 
hours, crawling through the correct and in- 
correct sequences base by base, to fix it and 
enter the correct sequence into my phylo- 
genetic analysis." Mallatt subsequently dis- 
covered that GenBank contains both se- 
quences, but there is no indication which is 
the correct one. Because Xenopus is one of 
the few amphibians whose genes have been 
sequenced, it is widely used for evolutionary 
studies, so it's likely that other researchers 
have completed and published phylogenies 

3oking for rect. "I founi the error entirely by ac- 

The EMBL Nucledide 

2&~"zze%m~s~z:~<.~ .'.: - me*mn, wwm .- Porn I I d P ~ ~ ~  with the wrong data. 
genes in ~ e n ~ a n k  suggests that Databases like GenBank have revo- 
many other scientists unknowingly had the lutionized biology, providing research- 
same problem. As a result, "there's a huge ers with powefil tools to hunt for new 
number of public sequences that are incor- genes, compare the way genes have 
rect," he says. evolved in many different organisms, 

John Mallatt had a similar sobering expe- and figure out the functions of newly 
rience recently. An evolutionary biologist at discovered genes. But more and more 
Washington State University in Pullman, Caveat emptor. ~ l t h o u g h  incredibly useful, the se- researchers like Kelner and Mallatt are 
Mallatt was trying to determine evolutionary quence data archived in DDBJ, EBI, and GenBank are discovering that this mother lode of in- 
relationships between various organisms by not completely error-free. formation contains some fools' gold that 
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