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profile similar to the model profile (2). 
The second avvroach, the Rosetta Stone 
method, is a way of looking at the correla- 
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the initiation of DNA replication under 
both temporal and spatial constraints (5). 
This complex network expands on earlier 
work that looked at DNA replication in the 
lambda phage and discovered the lysis- 
lysogeny switch. Adam Arkin (University 
of California at Berkeley) is building a 
computational toolkit for computer-aided 
simulation and analysis of developmental 
switches such as the lysis-lysogeny switch. 
His program4alled BIOISPICE (Simula- 
tion Program for Integrated Circuit Emula- 
tion) after the general-purpose circuit simu- 
lation program with built-in models for 
semiconductors-permits the experimenter 
to simulate chemical kinetic systems and 
parts of cellular pathways. 

What are some of the problems facing 
biologists wishing to analyze and interpret 
vast amounts of data generated by genome 
sequencing, gene chip technology, and 
genome data mining? One of the most 
pressing problems is the limitation of com- 
puters with respect to analysis time, storage 
capacity, movement of data around the net- 
work, and data complexity. Many re- 
searchers resort to running their analyses for 
weeks or months at a time on home- 
assembled workstations. There is a better 
way, but usually there is a big gaping hole 
regarding personnel and financial support 
for expertise and hardware. A Beowulf as- 
sembly of many CPUs can handle parallel 
problems for a very reasonable price (less 
than the cost of a DNA sequencing ma- 
chine), but such a setup requires a full-time 
person to run the assembly. Clearly, it is 
shortsighted to gather large amounts of data 
that cannot be analyzed in a timely manner 
because the computational power is not 
available. Although there is disk space to 
store everything researchers write, say, per- 
form, or photograph, there is not enough 
computing power to analyze the data. There 
is also not a quick and easy way to transfer 
vast amounts of data from one institute to 
another, one computer to another, or one 
network to another. This will be the chal- 
lenge of the next generation of the Internet. 
A further challenge will be to adequately 
search, analyze, and assess the quality of the 
data. Isolated ad hoc systems may be suffi- 
cient for individual databases, but they do 
not support the flexibility or integration that 
is required for modern research. When a 
valuable software product is developed, the 
lure of commercialization and the subse- 
quent loss of skilled people from academia 
to industry is to be expected. 

One of  the biggest problems that  
demands international consideration is 
the question of standards and intellec- 
tual property rights. Time alone will 
not solve the problem, but rather will 
only make it more intractable. BioCat 

(http:/lbioinformer.ebi.ac.uk:8O/newsletter/ 
archives/4lbiocat.html) listed 571 software 
programs in 1998. An update would double 
this number. In order to deal with the 
problem, the European Bioinformatics 
Institute (EBI) has developed two great 
ideas. The first is "copylefting," a concept 
from the computer software industry 
(http://www.gnu.orglcopyleft/gpl.html) that 
supports open source and availability and 
prevents inclusion in proprietary programs. 
This does not, however, prevent further 
commercialization-the LINUX kernel has 
a GPL (General Public License). Heikki 
Lehavshaiho of the EBI suggests extending 
the concept to biological databases. The 
EBI Biostandards Project-riginally fund-
ed through the EU, EBI, and participating 
biotechnology companies-has been a 
leader in CORBA (the Common Object Re- 
quest Broker Architecture) developments in 
the Life Science Group. In the future, how- 
ever, the project will be funded as an Asso- 
ciates' Program, which will decrease access 
to the standards. 

Grant funding agencies in the United 
States such as the National Institutes of 
Health (NIH) and the National Science 
Foundation (NSF) have taken steps to ad- 
dress the shortage of computing hardware, 
software, and skilled bioinformatics per- 
sonnel. The Working Group on Biomedi- 
cal Computing of the NIH acknowledges 
the pivotal role of  bioinformatics in 
biomedical research. In their June 1999 re- 
port on the Biomedical Information Sci- 
ence and Technology Initiative (BISTI), 
they made four recommendations (6).Key 
features of these recommendations include 
establishing 

(1) Programs of Excellence in specific 
areas of biomedical research (part of this 
initiative would involve creating up to 20 
centers at U.S. universities and indepen- 
dent research institutes with a special fo- 
cus on bioinformatics). 

(2) A program for information storage, 
curation, analysis, and retrieval (ISCAR). 

(3) Adequate resources for computa- 
tional support at the R01 (single principal 
investigator grant) level. 

(4) A national computer infrastructure 
that can be scaled up as the amount of data 
grows. 

The Working Group also recognized the 
shortage of biologists with appropriate 
computing expertise and called for strong 
NIH support of cross-disciplinary educa- 
tion and training within the Programs of 
Excellence. David Botstein, a geneticist at 
Stanford University and co-chair of the 
Working Group, pointed out the need for 
"people as professional in computing as in 
biology, just as we once needed people as 
competent in chemistry as biology." The 

pharmaceutical industry, agrobusiness, and 
biotechnology companies often raid 
academia and each other for people with 
the appropriate interdisciplinary skills. 

Since the BISTI report was published, a 
number of institutes in the United States 
have developed RFAs (grant applications in 
a specific area) that include requests for 
funding for bioinformatics tools and 
databases. It is not clear, however, that the 
spirit of BISTI will permeate the NIH study 
sections, which hand out federal money in 
the form of grants to biomedical researchers. 

At the NSF, director Rita Colwell has 
set information technology as the highest 
priority in the NSF budget for 2001. The 
proposed budget request was $230 million 
for information technology, an increase of 
43%. NSF and NIH have been exploring a 
partnership in computational biology, par- 
ticularly in the area of supercomputing. 

Bioinformatics groups and institutes in 
Europe, Japan, and Australia are exploring 
the same areas scientifically and are facing 
some of the same funding problems. EBI 
and other European-funded life science cen- 
ters ran into a funding buzz saw last fall. The 
crunch was over funding infrastructure, the 
databases and tools that make the EBI head- 
quarters in Hinxton, U.K., a world-class fa- 
cility. Although the crisis is temporarily 
stayed, there has been no clear resolution of 
funding for EBI databases and other infras- 
tructure in the next few years. This short- 
sightedness is not universal. Indeed, mem- 
ber nations of the EU individually are taking 
an aggressive stance. Research and training 
programs, with funding, have been an- 
nounced in France, Germany, Israel, and 
Switzerland. In the Pacific Rim, both Japan 
and Australia have new programs that will 
support bioinformatics networks. 

As we enter the postgenomic era, it is 
becoming clear that the really interesting 
aspects of biology go far beyond assem- 
bling genomes and finding genes, and even 
beyond predicting the function of endless 
DNA sequences. Bioinformatics and data 
generation must continue to develop hand 
in hand to enable us to understand the com- 
plexities of cells, development, physiology, 
and populations. It will be exciting to watch 
the cooperation between bioinformatics and 
biology in the coming years. 
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