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Managing the Genome Data Deluge 
Molecular biologists are turning to computer technology to help them manage the growing flood of 

sequencing and mapping data their field is producing 

I n  1980, if you had mentioned the term 
"bioinformatics" to a typical molecular bi- 
ologist, you almost certainly would have 
been met with little more than a blank stare. 
Plenty of labs had their resident computer 
nerd, who spent hours crouched over a termi- 
nal, agonizing over how the latest batch of 
data should be stored and analyzed, but few 
biologists viewed this eccentric activity as a 
legitimate scientific discipline. "It was O.K. 
if I worked on computers," recalls James 
Ostell, who was a biology graduate student at 
Harvard University in 1980, "as long as it 
didn't interfere with my benchwork." 

Today, however, that's all changed-and 
not just for Ostell, who's gone on to become 
chief of the information engineering branch 
at the National Center for Biotechnology 
Information (NCBI) at the National Insti- 
tutes of Health campus in Bethesda, Mary- 
land. Now, molecular biologists everywhere 
are increasingly turning to computer tech- 
nology to help them deal with a major chal- 
lenge: how to manage and interpret the flood 
of data being generated by the Human Ge- 
nome Proiect and'its comuanion efforts on 
model organisms from roundworms to mice. 
Entries in nucleotide sequence databases, 
such as the one run by the Heidelberg-based 
European Molecular Biology Laboratory 
(EMBL) data library, are growing exponen- 
tially (see figure). And it's a similar story for 
genetic and physical genome maps, protein 
structure information-and just about every 
other type of molecular biology data. 

But as the data accumulate, a major prob- 
lem is emerging. Researchers want instant 
access to all the information related to the 
genes they're studying. This would allow 
them, for instance, to gain clues to the func- 
tion of a new gene that they've just se- 
quenced by seeing whether other researchers 
have discovered similar genes and knew 
what their activities are. But the necessary 
data are usually spread over several molecu- 
lar biology databases-there are now more 
than 50 in all-that don't communicate. It's 
the classic "Tower of Babel" situation, notes 
NCBI's Ostell. Moreover, it's an annoying 
bottleneck for research. When a molecular 
biologist sequences a new stretch of DNA, 
and discovers that it's similar to a gene from 
another organism, days of valuable research 
time can be wasted tracking down informa- 
tion on the function of this related gene. 
What's needed, says Cambridge University 

The molecular biology data explosion 
has given rise to the new science of 
biological computing or "bioinformatics," 
explored by Peter Aldhous in a story 
beginning on this page. That the data 
can be a valuable commodity is also 
evident in the wrangle between DOE 
and NIH over GenBank, described by 
Leslie Roberts on p. 504. 

geneticist Michael Ashburner, is an inte- 
grated system allowing a researcher to click 
on boxes on his or her computer screens and 
summon uu all the relevant data instantlv. 

Producing such a system is a major goal for 
NCBI and its transatlantic counterpart, the 
European Bioinformatics Institute (EB1)- 
an expanded effort based on the EMBL data 
library, which will open in new quarters at 
Hinxton near Cambridge, U.K., in 1995 
(Science, 18 June, p. 1741). In addition to 
distributing sequence databases to the biol- 
ogy community, both centers will boast ma- 
jor database research efforts that will place 

them at the forefront of the field of data- 
base inteeration. About one-third of NCBI's 

Growth of the EMBL Nucleotide 
Sequence Database 
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aid the software with whch to search them, 
and EBI project leader Graham Cameron 
hopes to devote up to 20% of EBI's planned 
annual budget of some $7.5 million to simi- 
lar applied database research. 

Although NCBI and EBI are similar in 
overall conception, they are set to tackle the 
issue of database integration in different 
ways. NCBI has set about uniting the data 
from several databases in a central integrated 
databank. In contrast. EBI ulans to weld a 
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multitude of separate databases into a loose 
"federation." communicatine over comuuter 
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networks-an approach that's also favored 
by biocomputing experts involved in the 
U.S. Department of Energy genome project 
(see p. 504). 

Building all of the important biology da- 
tabases into a centrally integrated system will 
be a laborious task. but NCBI has alreadv 
taken a first step down the road toward the 
goal. Since last fall, researchers using the 
databases distributed by NCBI on CD-ROM 
have been able to use a software uackaee - 
called Entrez to browse a central integrated 
database consisting of three types of data: 
nucleotide and protein sequences from the 
leading general sequence databases distrib- 
uted by NCBI and EMBL, plus abstracts of 
papers from the Medline biomedical litera- 
ture database. 

To make the system work, the NCBI 
group first had to build into it cross refer- 
ences that record the connections between 
data that are biologically related-noting 
which protein is encoded by a particular ge- 
netic sequence, for example. "That's the 
really critical thing [for any integration proj- 
ect]," says NCBI director David Lipman. 
Entrez not only recognizes the links between 
nucleotide and protein sequences and be- 
tween sequences and the papers that cite 
them, it also assesses the similarity between 
the sequences and includes word recognition 
routines that scan Medline abstracts to iden- 
tify additional related papers. "We find 
[Entrez] an enormously useful program," says 
David Hillis, a rewlar user who heads a mo- . - 
lecular evolution lab at the University of 
Texas at Austin. 

NCBI staff are now working to incorpo- 
rate three-dimensional structure information 
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